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SST4416 4-142 
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SST5116 4-146 
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SST6908 4-150 
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TP0610T 6-48 
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U310 4-158 

U350 4-160 
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U402 4-162 


U403 4-162 
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U405 4-162 

U406 4-162 

U421 4-165 

U422 4-165 

U423 4-165 

U424 4-165 

U425 4-165 

U426 4-165 

U430 4-168 

U431 4-168 

U440 4-170 

U441 4-170 
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VCR4N 4-176 

VCR7N 4-176 
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VN0603L 6-65 
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VN0808M 6-73 
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VN1210L 6-79 
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VN4012L 6-99 
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VN45350L 6-101 
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VN46AFD 6-53 

VN50300L 6-103 

VN50300T 6-103 

VN610LL 6-71 
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VN67AB 6-57 
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VN88AFD 6-59 

VN90AB 6-61 


VP0300B . . . 
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.. 6-105 
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.. 6-107 

VP0610T ... 

.. 6-107 
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.. 6-112 

VP2020L . . . 
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VQ1000P . . . 
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.. 6-122 
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DPAD 4-64 

PAD1 4-107 

DPAD2 4-64 

PAD2 4-107 

VCR2N 4-176 

VCR3P 4-176 

VCR4N 4-176 

DPAD5 4-64 

JPAD5 4-97 

PAD5 4-107 

SSTPAD5 4-154 

SSTDPAD5 4-152 

VCR7N 4-176 

PAD 10 4-107 
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VN10KE 6-69 

VN10KM 6-69 

VN10LE 6-71 

VN10LM 6-71 
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SSTDPAD10 ... 4-152 
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SSTPAD20 4-154 
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CR022 4-60 
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CR030 4-60 
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VN66AFD 6-55 
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VN88AD 6-59 

VN88AFD 6-59 

BSS89 6-32 

VN90AB 6-61 

CR091 4-60 

BSS92 6-34 

CR100 4-60 

DPAD100 4-64 

JPAD100 4-97 

PAD100 4-107 

SSTPAD100 ... 4-154 

SSTDPAD100 . . 4-152 

J105 4-66 

J106 4-66 

BS107 6-24 

J107 4-66 

J108 4-68 

SST108 4-120 

J109 4-68 

SST109 4-120 

CR110 4-60 

J110 4-68 

J110A 4-68 

SST110 4-120 

Jill 4-71 


J 1 1 1 A 

. . 4-73 

SST111 

. 4-122 

J112 

. . 4-71 

J112A 

. . 4-73 

SST112 

. 4-122 

J113 

. . 4-71 

J113A 

. . 4-73 

SST113 

. 4-122 

CR120 

. . 4-60 

BSS129 

. . 6-36 

CR130 

. . 4-60 

JR135V 

. . 4-99 

CR140 

. . 4-60 

CR150 

. . 4-60 

CR160 

. . 4-60 

3N163 

. . 6-22 

3N164 

. . 6-22 

BS170 

. . 6-26 

JR170V 

. . 4-99 

J174 

. . 4-75 

SST174 

. 4-124 

J175 

. . 4-75 

SST175 

. 4-124 

J176 

. . 4-75 

SST176 

. 4-124 

J177 

. . 4-75 

SST177 

. 4-124 

CR180 

. . 4-60 

CR200 

. . 4-60 

JPAD200 

. . 4-97 

JR200V 

. . 4-99 

SSTPAD200 . , 

. 4-154 

J201 

. . 4-78 

SST201 

. 4-127 

J202 

. . 4-78 

SST202 

. 4-127 

J203 

. . 4-78 

SST203 

. 4-127 

J204 

. . 4-78 

SST204 

. 4-127 


BS208 

. .. 6-28. 

SD210 

. . . . 5-8 

J210 

. . . 4-81 

J21 1 

. . . 4-81 

SD211 

... 5-10 

SST211 

. . . 5-20 

J21 2 

. . . 4-81 

SD212 

.... 5-8 

SD213 

... 5-10 

SST213 

. . . 5-20 

SD214 

.... 5-8 

SD215 

... 5-10 

SST215 

. . . 5-20 

CR220 

. . . 4-60 

JR220V 

. . . 4-99 

J230 

... 4-83 

J231 

... 4-83 

J232 

. . . 4-83 

CR240 

. . . 4-60 

CRR0240 

. . . 4-62 

JR240V 

. . . 4-99 

BF244A 

. . . 4-54 

BF244B 

. . . 4-54 

BF244C 

. . . 4-54 

BF245A 

. . . 4-56 

BF245B 

... 4-56 

BF245C 

... 4-56 

BS250 

... 6-30 

J270 

. . . 4-85 

CR270 

... 4-60 

SST270 

.. 4-130 

J271 

... 4-85 

SST271 

.. 4-130 

U290 

.. 4-156 

U291 

.. 4-156 

VN0300B 

... 6-63 

VP0300B 

.. 6-105 

CR300 

. . . 4-60 

VN0300L0 . . . 

... 6-63 

VN0300M 

... 6-63 

VP0300L . . . . 

.. 6-105 
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VP0300M 6-105 

J304 4-87 

J305 4-87 

J308 4-89 

SST308 4-132 

U308 4-158 

J309 4-89 

SST309 4-132 

U309 4-158 

J310 4-89 

SST310 4-132 

U310 4-158 

CR330 4-60 

U350 4-160 

CRR0360 4-62 

CR390 4-60 

U401 4-162 

U402 4-162 

U403 4-162 

SST404 4-134 

U404 4-162 

SST405 4-134 

U405 4-162 

SST406 4-134 

U406 4-162 

U421 4-165 

U422 4-165 

U423 4-165 

U424 4-165 

U425 4-165 

U426 4-165 

CR430 4-60 

U430 4-168 

U431 4-168 

M440 4-101 

SST440 4-136 

M441 4-101 

SST441 4-136 

U441 4-170 

U443 4-172 

U444 4-172 

CR470 4-60 


J500 4-91 

JPAD500 4-97 

SSTPAD500 ... 4-154 

J501 4-91 

J502 4-91 

J503 4-91 

J504 4-91 

J505 4-91 

J506 4-91 

J507 4-91 

J508 4-91 

J509 4-91 

J510 4-91 

J51 1 4-91 

CR530 4-60 

J552 4-93 

J553 4-95 

J554 4-95 

J555 4-95 

J556 4-95 

J557 4-95 

CRR0560 4-62 

VN0603L 6-65 

VN0603T 6-65 

VN0605T 6-67 

TP0610E 6-48 

TP0610L 6-48 

TP0610T 6-48 

VN0610L 6-69 

VN0610LL 6-71 

VP0610E 6-107 

VP0610L 6-107 

VP0610T 6-107 

CRR0800 4-62 

VP0808B 6-110 

VN0808L 6-73 

VN0808M 6-73 

VP0808L 6-110 

VP0808M 6-110 

MFE823 6-38 

VQ1000J 6-118 

VQ1000P 6-118 


VQ1001J 6-120 

VQ1001P 6-120 

VQ1004J 6-122 

VQ1004P 6-122 

VQ1006J 6-124 

VQ1006P 6-124 

VP1008B 6-112 

VP1008L 6-112 

VP1008M 6-112 

PI 086 4-105 

PI 087 4-105 

VN1206B 6-75 

VN1206D 6-75 

VN1206L 6-77 

VN1206M 6-77 

VN1210L 6-79 

VN1210M 6-79 

CRR1250 4-62 

VN1706B 6-81 

VN1706D 6-81 

VN1706L 6-83 

VN1706M 6-83 

VN1710L 6-85 

VN1710M 6-85 

U1 897 4-174 

U1898 4-174 

U1899 4-174 

CRR1950 4-62 

VQ2000J 6-126 

VQ2000P 6-126 

VQ2001J 6-128 

VQ2001P 6-128 

VQ2004J 6-130 

VQ2004P 6-130 

VQ2006J 6-132 

VQ2006P 6-132 

VN2010L 6-87 

ND2012E 6-40 

ND2012L 6-40 

ND2020E 6-42 

ND2020L 6-42 

VN2020L 6-87 


VP2020E 6-114 

VP2020L 6-114 

SD2100 5-12 

SST2100 5-12 

VN2222KM 6-89 

VN2222L 6-89 

VN2222LL 6-91 

VN2222LM 6-91 

ND2406B 6-44 

ND2406L 6-44 

VN2406B 6-93 

VN2406D 6-93 

VN2406L 6-95 

VN2406M 6-95 

ND2410B 6-46 

ND2410L 6-46 

VN2410L 6-97 

VN2410M 6-97 

VP2410B 6-116 

VP2410L 6-116 

CRR2900 4-62 

VQ3001J 6-134 

VQ3001P 6-134 

VN3515L 6-99 

2N3819 4-2 

2N3956 4-4 

2N3957 4-4 

2N3958 4-4 

VN4012B 6-99 

VN4012L 6-99 

2N4091 4-6 

PN4091 4-109 

SST4091 4-138 

2N4092 4-6 

PN4092 4-109 

SST4092 4-138 

2N4093 4-6 

PN4093 4-109 

SST4093 4-138 

PN4116 4-118 

2N4117 4-8 

2N4117A 4-8 

PN4117 4-111 

PN4117A 4-111 
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2N4118 4-8 

2N4118A 4-8 

PN4118 4-111 

PN4118A 4-111 

2N4119 4-8 

2N4119A 4-8 

PN4119 4-111 

PN4119A 4-111 

2N4220 4-11 

2N4220A 4-11 

2N4221 4-11 

2N4221A 4-11 

2N4222 4-11 

2N4222A 4-11 

CRR4300 4-62 

PN4302 4-114 

PN4303 4-114 

PN4304 4-114 

2N4338 4-14 

2N4339 4-14 

2N4340 4-14 

2N4341 4-14 

2N4391 4-17 

PN4391 4-116 

SST4391 4-140 

2N4392 4-17 

PN4392 4-116 

SST4392 4-140 

2N4393 4-17 

PN4393 4-116 

SST4393 4-140 

2N4416 4-19 

2N4416A 4-19 

SST4416 4-142 

2N4856 4-21 

2N4856A 4-24 


2N4857 

4-21 

2N4857A 

4-24 

2N4858 

4-21 

2N4858A 

4-24 

2N4859 

4-21 

2N4859A 

4-24 

SST4859 

4-144 

2N4860 

4-21 

2N4860A 

4-24 

SST4860 

4-144 

2N4861 

4-21 

2N4861A 

4-24 

SST4861 

4-144 

2N4867 

4-27 

2N4867A 

4-27 

2N4868 

4-27 

2N4868A 

4-27 

2N4869 

4-27 

2N4869A 

4-27 

SD5000 

5-14 

SD5001 

5-14 

SD5002 

5-14 

2N5114 

4-30 

2N5114JAN 

4-32 

2N51 14JANTX .. 

4-32 

2N51 14JANTXV . 

4-32 

SST5114 

4-146 

2N5115 

4-30 

2N5115JAN .... 

4-32 

2N51 15JANTX .. 

4-32 

2N51 15JANTXV . 

4-32 

SST5115 

4-146 

2N5116 

4-30 

2N5116JAN .... 

4-32 

2N51 1 6JANTX .. 

4-32 

2N51 1 6JANTXV . 

4-32 


SST5116 4-146 

2N5196 4-34 

2N5197 4-34 

2N5198 4-34 

2N5199 4-34 

SD5400 ........ 5-16 

SD5401 5-16 

SD5402 5-16 

2N5432 4-37 

2N5433 4-37 

2N5434 4-37 

2N5460 4-39 

2N5461 4-39 

2N5464 4-39 

2N5462 4-39 

2N5465 4-39 

2N5484 4-42 

2N5485 4-42 

2N5486 4-42 

2N5564 . 4-44 

2N5565 4-44 

2N5566 4-44 

2N5638 4-46 

2N5639 4-46 

2N5640 4-46 

2N5911 4-48 

M5911 4-103 

2N5912 4-48 

M5912 4-103 

SST5912 4-148 

2N6659 6-2 

2N6660 6-4 

2N6660 JAN 6-6 

2N6660 JANTX ... 6-6 

2N6660 JANTXV . . 6-6 

2N6661 6-8 


2N6661 JAN 6-10 

2N6661 JANTX .. 6-10 
2N6661 JANTXV . 6-10 

2N6905 4-50 

2N6906 4-50 

2N6907 4-50 

2N6908 4-52 

SST6908 4-150 

2N6909 4-52 

SST6909 4-150 

2N6910 4-52 

SST6910 4-150 

2N7000 6-12 

2N7001 6-14 

2N7002 6-16 

2N7007 6-18 

2N7008 6-20 

2N7104 5-2 

2N7105 5-4 

2N7106 5-2 

2N7107 5-4 

2N7108 5-2 

2N7109 5-4 

2N7116 5-6 

2N7117 5-6 

2N7118 5-6 

VQ7254J 6-136 

VQ7254P 6-136 

Si8901 5-18 

VN45350L 6-101 

VN45350T 6-101 

VN50300L 6-103 

VN50300T 6-103 
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LOW POWER DISCRETES 
DEVICE ORDERING INFORMATION 


TECHNOLOGY/DESIGN PREFIX-DEVICE FAMILY PROCESS OPTION 


BF -European Transistor Standard Diode TO-92 
Cased FET 

CR -Si Standard N-Channel Current Regulator 

CRR -Si Standard N-Channel Current Regulator 

DM -Si Special DMOS FET 

DN -Si Dual N-Channel JFET 

FN -Si N-Channel JFET 

DPAD -Si Standard Dual JFET Diode 

J -Si Standard TO-92 Cased FET 

JR -Si Standard Current Limiter 

JPAD -Si Standard JFET Diode 

MU -Si Special MOSFET 

ND -SI Standard Low Power MOS 

PAD -Si Standard JFET Diode 

PN -Si Standard TO-92 Cased FET 

SD -Si Standard DMOS FET 

SST -Surface Mount Device 

U -Si Standard FET 

V -Si Standard or Special Low Power MOS 

VCR -Si Standard N- and P-Channel Voltage 
Controlled Resistors 

2N -JEDEC-Registered Device 

3N -JEDEC-Registered Device 


-1 Contact Factory - 750B Visual, Mil-STD-750 Processing 
(JANTXV) 

-2 Contact Factory - 750B Visual, MIL-STD-750 Processing 
(JANTX) 

3 Contact Factory - 750B Visual, MIL-STD-750, 

Group B and C 


PACKAGE 


-05 Std TO-92 Lead Formed to TO-5 Pin Circle 

-18 Std TO-92 with Center Lead Formed Toward Flat 
in TO-18 Pin Circle 

-TR Tape and Reel Available on TO-92 FETs 

-TA Tape and Ammo Pack Available on TO-92 FETs 

-T1, T2 Tape and Reel Available on SOT-23, SOT-143 
and SOIC Products 
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Hi-Rel Process Capabilities 

INTRODUCTION 

For over twenty years Siliconix has actively participated in the Military/Hi-Rel marketplace. The company has 
been a preferred source supplier on numerous major military programs with Low Power Discrete (LPD) devices 
designed into land, air, sea and space systems. 

LPD products are logical choices in Military/Hi Rel applications for several reasons. There are performance 
benefits to be gained using LPD devices which cannot be matched with any other existing technology. LPD 
devices are inherently radiation-hardened, as high as 6 X 10 5 RAD (Si). They perform reliably at cryogenic 
temperatures proving they can operate as a “Focal Plane Preamp” at a liquid helium temperature of 35°K. 

The LPD business unit is dedicated to serving the Military/Hi-Rel market and does so in five basic ways: QPL 
(Qualified Parts List) devices, CECC devices, Standard Hi-Rel Process Flows, Hi-Rel “Specials”, and Lockheed 
Monitored Line devices. 

QPL Devices (See Figure 1) 

For ease of delivery and in keeping with the government trend towards standardized devices, the LPD product 
line offers 16 QPL devices (with more QPL quals in progress). These are products qualified under Military 
Specification Mil-S-19500, the General Specification for Semiconductor Devices. Parts are purchased by speci- 
fying the appropriate Government Designation on the purchase order. The LPD business unit is continuously 
evaluating the devices within its product line for candidates as additional QPL devices. Wherever a significant 
need is demonstrated, the LPD Business Unit is committed to addressing that need by seeking QPL approval 
from DESC. 

CECC Devices (See Figure 2) 

CECC 50 000 is the European system of electronic component approval in which product is released to interna- 
tionally agreed detail specifications conforming to CECC rules. QPL listed products are built on an approved line 
by a manufacturer who must comply with defined standards relating to organization, facilities and quality assur- 
ance procedures. 

Throughout Europe CECC approved components are preferred items for all military and aerospace 
programmes. 

Standard Hi-Rel Processes (See Figure 3) 

Where a QPL device does not exist, LPD offers the next best thing with its -1 , -2 and LP3 process flows. The 
-1 process flow provides many of the 100% screening steps for a JANTXV-level device as called out in 
Mil-S-19500. U.S. Build is included. The -2 provides many of the 100% screening steps for a JANTX-level device 
as called out in Mil-S-19500. 

The LP3 process flow provides 100% processing similar to Mil-S-19500 for a JANTX-level device using Mil-S-750 
test methods. Group A, B, and C testing is included. Portions of the 100% screening and/or the Quality Confor- 
mance Inspection testing may be performed at any of Siliconix’ worldwide facilities. 

Use of these standard processes can eliminate the need for a costly source control drawing. The processes can 
be performed on any hermetic packaged LPD device. Devices are ordered by adding the -1, -2, -LPD3 as a 
suffix to the standard part type (i.e. 2N5432-1, 2N5432-2, 2N5432-LP3). 
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Hi-Rel “Specials” 

Where QPL, CECC, -1, -2 and LP3 won't do, LPD can provide processing based upon a customer source 
control drawing or detail specification. Siliconix has built a reputation in the industry for its skill in manufacturing 
such devices commonly referred to as “Specials”. All Mil-S-1 9500/Mil-Std-750 requirements through JANTXV- 
level processing can be provided. Baseline control, a “must” in many Military/Hi-Rel applications, is offered. 
Our dedicated Program Management group can provide the coordination necessary to commandeer the more 
complex specials through the factory. 

Lockheed Monitored Line 

Siliconix also offers Lockheed-monitored line parts. This means on-line process monitoring by a resident team of 
quality & reliability engineers. With approval from the U.S. Air Force, this service can be used by any aerospace 
company or government agency. 

Conclusion 

Since 1964 Siliconix has been regarded as a steady, reliable supplier to the Military/Hi-Rel market. We intend to 
carry this reputation into the future by providing Military/Hi-Rel service you can rely on for many years to come. 
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LOW POWER DISCRETE 
QUALIFIED PARTS LIST (QPL) 

Products Qualified as Standard Devices under Military Specification 
Mil-S-19500: Semiconductor Devices, General Specification For 


GOVERNMENT 

SILICONIX (CAGE) 

DETAIL SPECIFICATION 

DESIGNATION 

DESIGNATION (CODE) 

TYPE NUMBER 

(SLASH SHEET) 

2N4091 (JAN) 

CDBN 

Mil-S-1 9500/431 

JANTX 

17856 (FSCM) 


JANTXV 

2N4092 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N4093 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N4856 (JAN) 

CDBN 

Mil-S-1 9500/385 

JANTX 

17856 (FSCM) 


JANTXV 

2N4857 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N4858 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N4859 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N4860 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N4861 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N5114 (JAN) 

CDBN 

Mil-S-1 9500/476 

JANTX 

17856 (FSCM) 


JANTXV 

2N5115 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N5116 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 

2N6661 (JAN) 

CDBN 

Mil-S-1 9500/547A 

JANTX 

17856 (FSCM) 


JANTXV 

2N6660 (JAN) 

CDBN 


JANTX 

17856 (FSCM) 


JANTXV 


JANS: 

JANTXV: 

JANTX: 

JAN: 


JANTXV plus wafer lot acceptance and additional 100% processing requirements. Includes Group D testing 
JANTX plus 100% internal visual inspection 

JAN plus 100% processing to Mil-S-19500 including Group A, B, C testing 
Controlled lot with sample environmental and life testing 
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Figure 2 


LOW POWER DISCRETE 
CECC 50 000 - QUALIFIED DEVICES 

Additional Product Options for European Customers 


At this time, member countries of the CECC (Cenelec Electronic Components Committee) are Belgium, Den- 
mark, Germany, France, Ireland, Italy, the Netherlands, Norway, Sweden, Switzerland and the United Kingdom. 


Specific device types are individually qualified against a fixed detail specification which has been approved by 
the British Standards Institute (BSI) acting as the national supervising agency on behalf of CECC. 

The CECC 50 000 scheme is administered in the UK by the BSI. The UK-generated specifications are prefixed 
with the letters BS. 


A number of industry preferred standard device types are now qualified and the following detail specifications 
are available: 


Type Number BS Specification 


Type Number 


BS Specification 


2N3824 

2N4391/2/3 

2N4856A/7A/8A 

2N4220/1/2 

2N6659/60/6I 

2N5564/65/66 


BS CECC 50 012-008 
BS CECC 50 012-004 
BS CECC 50 012-006 
BS CECC 50 012-009 
BS CECC 50 012-016 
BS CECC 50 012-024 


U430/U431 

2N5432/3/4 

VQ1001 

CR022 through CR062 
CR068 through CR150 
CR160 through CR530 


BS CECC 50 012-025 
BS CECC 50 012-026 
BS CECC 50 012-040 
BS CECC 50 013-001 
BS CECC 50 013-002 
BS CECC 50 013-003 



Each of the approved types is now available with additional screening options, including high temperature re- 
verse bias burn-in, of either 48, 72 or 168 hours duration. Screening details are appended to the detail specifi- 
cation and conform to appendix VI of the European Standard CECC 50 000 ISSUE 3. 

Product is released with a BS CECC certificate of conformity and will have been submitted to: 

1. Group A sample inspection (lot by lot) -quality assessment tests, assuring product conforms 
to electrical specification. 


2. Group B sample inspection (lot by lot) -reliability tests, including package related tests and 
168 hours electrical endurance, to identify potential early failures. 


3. Group C sample inspection (periodic - 3 monthly)-long term reliability tests including 1000 
hours of high temperature storage and electrical endurance. 


Data from the inspection tests is available to the customer in the form of CTRs (certified test records) . 

Manufacturing of BS CECC product is carried out in the Siliconix UK facility located in Morriston, Swansea SA6 
6NE, South Wales. 

In addition to BS CECC approved product, the Siliconix UK facility can provide internationally recognized high-re- 
liability screening options on standard products. These include Mil-750 and custom screening options. 

JAN, JANTX or JANTXV processing for certain JEDEC-registered FETs can also be supplied. 

For additional information and details of new/pending approvals, inquiries may be directed to the nearest sales 
office. 
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Figure 3 

LPD PROCESS OPTIONS 
HI-REL PROCESS FLOWS 
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Figure 4 


COMMERCIAL/INDUSTRIAL PROCESS FLOWS 


Hermetic Package 


Plastic Package 
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CROSS REFERENCE 


Siliconix Direct Replacement Suggestions are based on the similarity of mechanical and electrical 

characteristics, as reported in the manufacturer’s published data. 
Interchangeability is not guaranteed. Before selecting a device as a substi- 
tute, compare the specifications. 

Siliconix Similar Replacement Suggestions are based on the similarity of electrical characteristics, as 

reported in the manufacturer’s published data. Interchangeably is not 
guaranteed, as these parts may have different pin configurations. Before 
selecting a device as a substitute, compare the specifications. For devices 
not shown in this guide, or for additional information, the user should contact 
the nearest Siliconix sales office. 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

AM0610LL 

VN0610LL 


BSS110 


TP0610L 

AM10LM 

VN10LM 


BSS124 


VN4012L 

AM2222LL 

VN2222LL 


BSS129 

BSS129 


AM2222LM 

VN2222LM 


BSS138 


VNO603T 

A5T3821 


2N4220 

BSS83 


SST213 

A5T3822 


2N4221 

BSS84 


TP0610T 

A5T3823 


2N4222 

BSS89 

BSS89 


A5T3824 


2N4220 

BSS92 

BSS92 


A5T5460 


2N5460 

BSS98 


VN0603L 

A5T5461 


2N5461 

BST70 


VN0808L 

A5T5462 


2N5462 

BST72A 


VNO8O8L 

BFQ10 

U401 


BSV78 

2N4856 


BFQ11 

U401 


BSV79 

2N4857 


BFQ12 

U402 


BSV80 

2N4858 


BFQ13 

U403 


BS107 

BS107 


BFQ14 

U404 


BS107P 

VN2010L 


BFQ15 

U405 


BS170 

BS170 


BFQ16 

U405 


BS208 

BS208 


BFR30 


SST203 

BS250 

BS250 


BFR31 


SST202 

CIL-1300 


J502 

BFT10 

SST202 


CIL-1301 


J505 

BFT10SM 

SST202 


CIL-1302 


J507 

BFT11 

SST230 


CIL-1303 


J509 

BFT11SM 

SST230 


CIL-1304 


J510 

BFT46 

SST4338 


CIL-1305 


J51 1 

BFW13 

2N4867 


CIL-250 


J51 1 

BF244A 

BF244A 


CIL-251 


J51 1 

BF244B 

BF244B 


CL1020 

CR100 


BF244C 

BF244C 


CL1520 

CR150 


BF256LA 


2N5485 

CL2210 

CR022 


BF256LB 


2N5485 

CL2220 

CR220 


BF256LC 


2N5486 

CL3310 

CR033 


BSD10 

SD2100 


CL3320 

CR330 


BSD12 

SD2100 


CL4710 

CR047 


BSD20 

SST2100 


CL4720 

CR470 


BSD212 

SD212DE 


CL6810 

CR068 


BSD213 

SD213DE 


CRR0240 

CRR0240 


BSD214 

SD214DE 


CRR0360 

CRR0360 


BSD215 

SD215DE 


CRR0560 

CRR0560 


BSD22 

SST2100 


CRR0800 

CRR0800 


BSJ174 

J174 


CRR1250 

CRR1250 


BSJ175 

J175 


CRR1950 

CRR1950 


BSJ176 

J176 


CRR2900 

CRR2900 


BSJ177 

J177 


CRR4300 

CRR4300 


BSR174 

SST174 


CR022 

CR022 


BSR175 

SST175 


CR024 

CR024 


BSR176 

SST176 


CR027 

CR027 


BSR177 

SST177 


CR030 

CR030 


BSR56 

BSR56 


CR033 

CR033 


BSR57 

BSR57 


CR039 

CR039 


BSR58 

BSR58 


CR043 

CR043 


BSR66 


VN0606M 

CR047 

CR047 


BSR67 


VN0808M 

CR056 

CR056 


BSR76 


VN2410M 

CR062 

CR062 


BSS100 


VN1206L 

CR068 

CR068 


BSS101 


VN2406L 

CR075 

CR075 
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CROSS REFERENCE 



Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

CR082 

CR082 


E201 

J201-18 


CR091 

CR091 


E202 

J202-18 


CR100 

CR100 


E203 

J203-18 


CR110 

CR1 10 


E204 

J204-18 


CR120 

CR120 


E210 

J210-18 


CR130 

CR130 


E21 1 

J211-18 


CR140 

CR140 


E212 

J212-18 


CR150 

CR150 


E230 

J230-18 


CR160 

CR160 


E231 

J231-18 


CR180 

CR180 


E232 

J232-18 


CR200 

CR200 


E270 

J270-18 


CR220 

CR220 


E271 

J271-18 


CR240 

CR240 


E300 


J212-18 

CR270 

CR270 


E304 

J304-18 


CR300 

CR300 


E305 

J305-18 


CR330 

CR330 


E308 

J308-18 


CR360 

CR360 


E309 

J309-18 


CR390 

CR390 


E310 

J310-18 


CR430 

CR430 


E400 

U410 


CR470 

CR470 


E401 

U41 1 


CR530 

CR530 


E402 

U412 


C3141 


PAD10 

E410 

U410 


C3142 


PAD50 

E41 1 

U41 1 


C3143 


PAD 100 

E412 

U412 


C3144 


PAD500 

E420 


U440 

DPAD1 

DPAD1 


E421 


U441 

DPAD10 

DPAD10 


E430 


U430 

DPAD100 

DPAD100 


E431 


U431 

DPAD2 

DPAD2 


E500 

J500 


DPAD20 

DPAD20 


E501 

J501 


DPAD5 

DPAD5 


E502 

J502 


DPAD50 

DPAD50 


E503 

J503 


DU4339 


2N6907A 

E504 

J504 


DU4340 

2N6907A 


E505 

J505 


ECG312 


2N4416 

E506 

J506 


ECG451 


J210 

E507 

J507 


ECG452 

2N4416 


FE0654A 


J210 

ECG456 


2N4221 

FE0654B 


J210 

ECG457 

J204 


FE0654C 


J202 

ECG464 


3N164 

FN4117 

2N4117 


ECG466 

2N4091 


FN4117A 

2N4117A 


ECG467 

Jill 


FN4118 

2N4118 


EPAD100 

JPAD100 


FN4118A 

2N4118A 


EPAD200 

JPAD200 


FN4119 

2N4119 


EPAD50 

JPAD50 


FN4119A 

2N4119A 


EPAD500 

JPAD500 


FN4392 

2N4392 


ESM25 

U234 


FN4393 

2N4393 


ESM25A 

U233 


FT704 

3N163 


ESM4091 

PN4091 


IMF3954 


2N5146 

ESM4092 

PN4092 


IMF3954A 


2N5146 

ESM4093 

PN4093 


IMF3955 


2N5197 

ESM4302 

PN4302 


IMF3955A 


2N5196 

ESM4303 

PN4303 


IMF3956 

2N3956 


ESM4304 

PN4304 


IMF3957 

2N3957 


E100 

J203-18 


IMF3958 

2N3958 


E101 

J201-18 


IMF591 1 

2N5911 


El 02 

J202-18 


IMF5912 

2N5912 


El 03 

J203-18 


IMF6485 

U405 


El 05 

J105-18 


ITE3066 


J202 

El 06 

J106-18 


ITE3067 


J201 

El 07 

J107-18 


ITE3068 


J201 

E108 

J108-18 


ITE4091 


Jill 

E109 

J109-18 


ITE4092 


J112 

E110 

J1 10-18 


ITE4093 


J113 

El 1 1 

Jill —1 8 


ITE4117 


PN4117 

El 1 1 A 

J111A-18 


ITE4118 


PN4118 

El 12 

J112-18 


ITE4119 


PN4119 

E112A 

J112A-18 


ITE4338 


J201 

El 13 

J113-18 


ITE4339 


J204 

E113A 

J113A-18 


ITE4340 


J202 

El 14 

J1 1 4—18 


ITE4341 


J204 

El 74 

J174-18 


ITE4391 

PN4391-18 


El 75 

J 175-1 8 


ITE4392 

PN4392-18 


E176 

J176-18 


ITE4393 

PN4393-18 


El 77 

J177-18 


ITE4416 

PN4416-18 
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CROSS REFERENCE 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

ITE4867 


2N4867 

J230-18 

J230-18 


ITE4868 


2N4868 

J231 

J231 


ITE4869 


2N4869 

J231-18 

J231-18 


IT100 

2N5116 


J232 

J232 


IT101 

2N5114 


J232-18 

J232-18 


IT108 

2N5486 


J270 

J270 


IT 1 09 

U310 


J270-18 

J270-18 


IT1700 

3N163 


J271 

J271 


IVN6002CND 

VN40AD 


J271-18 

J271-18 


IVN6300ANF 

VN0808M 


J300 


J212 

JPAD10 

JPAD10 


J300-18 


J212-18 

JPAD100 

JPAD100 


J300A 


J210 

JPAD20 

JPAD20 


J300B 


J21 1 

JPAD200 

JPAD200 


J300C 


J21 1 

JPAD5 

JPAD5 


J300D 


J212 

JPAD50 

JPAD50 


J304 

J304 


JPAD500 

JPAD500 


J304-18 

J304-18 


JR135V 

JR135V 


J305 

J305 


JR170V 

JR170V 


J305-18 

J305-18 


JR200V 

JR200V 


J308 

J308 


JR220V 

JR220V 


J308-18 

J308-18 


JR240V 

JR240V 


J309 

J309 


J105 

J105 


J309-18 

J309-18 


J 105-1 8 

J105-18 


J310 

J310 


J106 

J106 


J310-18 

J310-18 


J106-18 

J106-18 


J401 

U401 


J107 

J107 


J402 

U402 


J107-18 

J107-18 


J403 

U403 


J108 

J108 


J404 

U404 


J108-18 

J108-18 


J405 

U405 


J109 

J109 


J406 

U406 


J109-18 

J109-18 


J4091 

PN4091 


J110 

J110 


J4092 

PN4092 


J110-18 

J110-18 


J4093 

PN4093 


J110A 

J110A 


J410 

U410 


Jill 

Jill 


J41 1 

U41 1 


J1 1 1—18 

J1 1 1—18 


J412 

U412 


J111A 

J111A 


J4302 

PN4302 


J112 

J112 


J4303 

PN4303 


J112-18 

J112-18 


J4391 

PN4391 


J112A 

J112A 


J4392 

PN4392 


J 1 1 3 

J113 


J4393 

PN4393 


J 1 1 3—1 8 

J113-18 


J4416 

PN4416 


J113A 

J113A 


J500 

J500 


J114 

J114 


J501 

J501 


J114-18 

J114-18 


J502 

J502 


J1401 

U401 


J503 

J503 


J1402 

U402 


J504 

J504 


J1403 

U403 


J505 

J505 


J1404 

U404 


J506 

J506 


J1405 

U405 


J507 

J507 


J1406 

U406 


J508 

J508 


J174 

J174 


J509 

J509 


J 174-1 8 

J174-18 


J510 

J510 


J175 

J175 


J5103 

2N5485 


J175-18 

J175-18 


J5104 

2N5485 


J176 

J176 


J51 1 

J51 1 


J176-18 

J176-18 


J552 

J552 


J177 

J177 


J553 

J553 


J 1 77—1 8 

J177-18 


J554 

J554 


J201 

J201 


J555 

J555 


J201-18 

J201-18 


J556 

J556 


J202 

J202 


J557 

J557 


J202-18 

J202-18 


J9100 

J552 


J203 

J203 


KE4091 


PN4091 

J203-18 

J203-18 


KE4092 


PN4092 

J204 

J204 


KE4093 


PN4093 

J204-18 

J204-18 


KE4220 


J202 

J210 

J210 


KE4222 


J203 

J210-18 

J210-18 


KE4391 


PN4391 

J21 1 

J21 1 


KE4392 


PN4392 

J211-18 

J211-18 


KE4393 


PN4393 

J212 

J212 


KE4416 


PN4416 

J212-18 

J212-18 


KK4416-18 

PN4416-18 


J230 

J230 


K114 


J21 1 
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CROSS REFERENCE 



Part 

Number 

Sillconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

K1 14-18 


J211-18 

MFE2012 

2N5432 


K210-18 

J210-18 


MFE3069 

2N4341 


K211-18 

J211-18 


MFE3459 

2N4339 


K300-18 

J210-18 


MFE3460 

2N4338 


K304-18 

J304-18 


MFE3821 

2N4220 


K305-18 

J305-18 


MFE3822 

2N4221 


K308-18 

J308-18 


MFE910 


VN10KE 

K309-18 

J309-18 


MFE9200 


VN2406L 

K310-18 

J310-18 


MK10 


J212 

LDF603 

2N4221A 


MMBFJ1 1 1 

SST111 


LD014CNC 


JR240V 

MMBFJ112 

SST112 


LSJ33A 


J113 

MMBFJ113 

SST113 


LS3069 


J203 

MMBFJ113 

SST113 


LS3070 


J202 

MMBFJ174 

SST174 


LS3071 


J201 

MMBFJ174 

SST174 


LS3458 


J232 

MMBFJ175 

SST175 


LS3487 


J201 

MMBFJ175 

SST175 


LS3819 


J204 

MMBFJ176 

SST176 


LS3821 


J202 

MMBFJ176 

SST176 


LS3822 


J305 

MMBFJ177 

SST177 


LS3921 


2N4220 

MMBFJ177 

SST177 


LS3967 


J304 

MMBFJ309 

SST309 


LS3968 


J305 

MMBFJ309 

SST309 


LS3969 


J230 

MMBFJ310 

SST310 


LS4220 


J202 

MMBFJ310 

SST310 


LS4221 


J305 

MMBFU310 

SSTU310 


LS4223 


J305 

MMBF170 


2N7002 

LS4224 


J305 

MMBF4391 

SST4391 


LS4339 


J201 

MMBF4392 

SST4392 


LS4340 


J202 

MMBF4393 

SST4393 


LS4341 


J203 

MMBF4416 

SST4416 


LS4391 


Jill 

MMBF4860 

SST4860 


LS4392 


J112 

MMBF4861 

SST4861 


LS4393 


J113 

MMBF5457 

SST5457 


LS4416 


PN4416 

MMBF5459 

SST5459 


LS4856 


Jill 

MMBF5460 

SST5460 


LS4857 


J112 

MMBF5461 

SST5461 


LS4858 


J113 

MMBF5462 

SST5462 


LS4859 


Jill 

MMBF5463 

SST5463 


LS4860 


J112 

MMBF5484 

SST5484 


LS4861 


J113 

MMBF5485 

SST5485 


LS5103 


J305 

MMBF5486 

SST5486 


LS5104 


J305 

MMT3823 

2N4222 


LS5105 


J304 

MPF10LM 


VN10LM 

LS5245 


J304 

MPF102 


J304 

LS5246 


J305 

MPF103 


J202 

LS5247 


J304 

MPF104 


J202 

LS5248 


J304 

MPF105 


J203 

LS5358 


J202 

MPF106 

2N5485 


LS5359 


J202 

MPF107 

2N5486 


LS5360 


J305 

MPF108 


J304 

LS5362 


J304 

MPF109 


J304 

LS5363 


J304 

MPF110 

2N3819 


LS5364 


J304 

MPF111 


J304 

LS5391 


J231 

MPF112 


J304 

LS5392 


J305 

MPF203 

J310 


LS5394 


J305 

MPF4150 


VN1706L 

LS5395 


J304 

MPF4391 

PN4391-18 


LS5396 


J304 

MPF4392 

PN4392-1 8 


LS5457 


J305 

MPF4393 

PN4393-18 


LS5458 


J305 

MPF6660 


2N6660 

LS5459 


J305 

MPF6661 


2N6661 

LS5484 


J305 

MPF820 

J212 


LS5485 


J305 

MPF910 


VN10LM 

LS5486 


J304 

MPF9200 


VN2406L 

LS5556 


J320 

MPF9200 


VN2406L 

LS5557 


J231 

MPF970 

J174 


LS5558 


J232 

MPF971 

J176 


LS5638 


Jill 

Ml 63 

3N163 


LS5639 


J112 

Ml 64 

3N164 


LS5640 


J113 

M440 

M440 


MEF101 


J203 

M441 

M441 


MEM511 


3N163 

M5911 

M5911 


MFE2010 

2N5434 


M5912 

M5912 


MFE201 1 

2N5433 


ND2012L 

ND2012L 
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Cf' Silicon! x 

Jb*M incorporated 


CROSS REFERENCE 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

ND2020E 

ND2020E 


PN4391 

PN4391 


ND2020L 

ND2020L 


PN4391— 18 

PN4391-18 


ND2406L 

ND2406L 


PN4392 

PN4392 


ND2410B 

ND2410B 


PN4392-18 

PN4392-18 


ND2410L 

ND2410L 


PN4393 

PN4393 


NF3819 


J2 12-1 88 

PN4393-18 

PN4393-18 


NF4302 

2N4302 


PN4416 

PN4416 


NF4303 

2N4303 


PN4856 


2N4856 

NF4304 

2N4304 


PN4857 


2N4857 

NF4445 

2N5432 


PN4858 


2N4858 

NF4446 

2N5433 


PN4859 


2N4859 

NF4447 

2N5432 


PN4860 


2N4860 

NF4448 

2N5433 


PN4861 


2N4861 

NF500 

2N4416 


PN5114 


2N5114 

NF501 

2N4416 


PN5115 


2N5115 

NF506 

2N4416 


PN5116 


2N5116 

NF510 

2N4393 


PN5432 


2N5432 

NF5102 

J230 


PN5433 


2N5433 

NF511 

2N4393 


PN5434 


2N5434 

NF5163 

2N5163 


PI 086 

P1086 


NF520 

2N4339 


PI 086-1 8 

P1086-18 


NF521 

2N4339 


P1086E 

PI 086 


NF522 

2N4339 


PI 087 

PI 087 


NF523 

2N4340 


P1087E 

P1087 


NF530 

2N4341 


SDF1001 


J108 

NF531 

2N4339 


SDF1002 


J109 

NF532 

2N4341 


SDF1003 


J110 

NF533 

2N4339 


SDF500 


2N5196 

NF5457 

J202 


SDF501 


2N5197 

NF5458 

J202 


SDF502 


2N3956 

NF5459 

J20359 


SDF503 


2N3957 

NF5484 

2N5484 


SDF504 


2N3958 

NF5485 

2N5485 


SDF505 


2N5196 

NF5486 

2N5486 


SDF506 


2N5197 

NF550 


2N5566 

SDF507 


2N3956 

NF5555 

2N5555 


SDF508 


2N3957 

NF5638 

2N5638 


SDF509 


2N3958 

NF5639 

2N5639 


SDF510 


2N5196 

NF5640 

2N5640 


SDF511 


2N5197 

NF5653 

2N5653 


SDF512 


2N3956 

NF5654 

2N5654 


SDF513 


2N3957 

NF580 

2N5432 


SDF514 


2N3958 

NF581 

2N5432 


SD210DE 

SD210DE 


NF582 

2N5433 


SD210EE 

SD210DE 


NF583 

2N5434 


SD2100 

SD2100 


NF584 

2N5433 


SD211DE 

SD211DE 


NF585 

2N4859 


SD211EE 

SD211DE 


NOSIOOB 


ND2410B 

SD212DE 

SD212DE 


NOS101B 


ND2410B 

SD212EE 

SD212DE 


NOS102B 


ND2410B 

SD213DE 

SD213DE 


NPC108 

J304 


SD213EE 

SD213DE 


NPC108A 

J304 


SD214DE 

SD214DE 


PMBF4391 

SST4391 


SD214EE 

SD214DE 


PMBF4392 

SST4392 


SD215DE 

SD215DE 


PMBF4393 

SST4393 


SD5000I 

SD5000I 


PN4091 

PN4091 


SD5000J 

SD5000N 


PN4092 

PN4092 


SD5000N 

SD5000N 


PN4093 

PN4093 


SD5001I 

SD5001I 


PN4117 

PN4117 


SD5001J 

SD5001N 


PN4117A 

PN4117A 


SD5001N 

SD5001N 


PN4118 

PN4118 


SD5002I 

SD5002I 


PN4118A 

PN4118A 


SD5002J 

SD5002N 


PN4119 

PN4119 


SD5002N 

SD5002N 


PN4119A 

PN4119A 


SD5200I 


SD5000I 

PN4120 

PN4120 


SD5200N 


SD5000N 

PN4120A 

PN4120A 


SD5400CY 

SD5400CY 


PN4220 


PN4302 

SD5401CY 

SD5401CY 


PN4221 


PN4303 

SD5402CY 

SD5402CY 


PN4222 


PN4304 

SI8901A 

SI8901A 


PN4302 

PN4302 


SI8901Y 

SI8901Y 


PN4302-18 

PN4302-18 


SK3112 


J231 

PN4303 

PN4303 


SK3746/326 


J305 

PN4303-18 

PN4303-18 


SK3834/132 


J21 1 

PN4304 

PN4304 


SK3977/456 


2N4421 

PN4304-18 

PN4304-18 


SK9072/452 


2N4416 
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CROSS REFERENCE 



Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

SK9148/461 


2N5199 

TD5906 

U422 


SK9 160/462 


2N4869 

TD5907 

U424 


SK91 61/457 


J305 

TD5908 

U425 


SK9 162/467 


2N4391 

TD5909 

U426 


SK9 163/466 


2N4991 

THJJ105 

J105CHP 


SK9460/458 


J230 

THJJ106 

J106CHP 


S04391 

SST4391 


THJJ107 

J107CHP 


S04392 

SST4392 


THJJ108 

J108CHP 


S04393 

SST4393 


THJJ109 

J109CHP 


S04416 

SST4416 


THJJ110 

J110CHP 


SSTDPAD100 

SSTDPAD100 


THJJ111 

J111CHP 


SSTDPAD20 

SSTDPAD20 


THJJ111A 

J111ACHP 


SSTDPAD5 

SSTDPAD5 


THJJ1 12 

J112CHP 


SSTDPAD50 

SSTDPAD50 


THJJ112A 

J112ACHP 


SST108 

SST108 


THJJ1 13 

J113CHP 


SST109 

SST109 


THJJ113A 

J113ACHP 


SST110 

SST110 


THJJ174 

J174CHP 


SST111 

SST111 


THJJ175 

J175CHP 


SST112 

SST112 


THJJ176 

J176CHP 


SST113 

SST113 


THJJ177 

J177CHP 


SST174 

SST174 


THJJ201 

J201CHP 


SST175 

SST175 


THJJ202 

J202CHP 


SST176 

SST176 


THJJ203 

J203CHP 


SST177 

SST177 


THJJ210 

J210CHP 


SST201 

SST201 


THJJ211 

J211CHP 


SST202 

SST202 


THJJ212 

J212CHP 


SST203 

SST203 


THJJ230 

J230CHP 


SST204 

SST204 


THJJ231 

J231CHP 


SST211 

SST211 


THJJ232 

J232CHP 


SST213 

SST213 


THJJ270 

J270CHP 


SST215 

SST215 


THJJ271 

J271CHP 


SST270 

SST270 


THJJ300A 


J212CHP 

SST271 

SST271 


THJJ300B 


J210CHP 

SST308 

SST308 


THJJ300C 


J211CHP 

SST309 

SST309 


THJJ304 

J304CHP 


SST310 

SST310 


THJJ305 

J305CHP 


SST404 

SST404 


THJJ308 

J308CHP 


SST405 

SST405 


THJJ309 

J309CHP 


SST406 

SST406 


THJJ310 

J310CHP 


SST4091 

SST4091 


THJP1086 

P1086CHP 


SST4092 

SST4092 


THJP1087 

P1087CHP 


SST4093 

SST4093 


THJU290 

U290CHP 


SST4338 

SST4338 


THJU291 

U291CHP 


SST4339 

SST4339 


THJU304 

U304CHP 


SST4340 

SST4340 


THJU305 

U305CHP 


SST4341 

SST4341 


THJU306 

U306CHP 


SST440 

SST440 


THJU308 

U308CHP 


SST441 

SST441 


THJU309 

U309CHP 


SST4416 

SST4416 


THJU310 

U310CHP 


SST4856 

SST4856 


THJU401 

U401CHP 


SST4857 

SST4857 


THJU402 

U402CHP 


SST4858 

SST4858 


THJU403 

U403CHP 


SST4859 

SST4859 


THJU404 

U404CHP 


SST4860 

SST4860 


THJU405 

U405CHP 


SST4861 

SST4861 


THJU406 

U406CHP 


SST5460 

SST5460 


THJ4091 

2N4091CHP 


SST5461 

SST5461 


THJ4092 

2N4092CHP 


SST5462 

SST5462 


THJ4093 

2N4093CHP 


SST5463 

SST5463 


THJ4117 

2N4117CHP 


SST5464 

SST5464 


THJ4118 

2N4118CHP 


SST5465 

SST5465 


THJ4119 

2N4119CHP 


SST5484 

SST5484 


THJ4220 

2N4220CHP 


SST5485 

SST5485 


THJ4221 

2N4221CHP 


SST5486 

SST5486 


THJ4222 

2N4222CHP 


SST5912 

SST5912 


THJ4223 


2N4222CHP 

SST6908 

SST6908 


THJ4224 


2N4222CHP 

SST6909 

SST6909 


THJ4292 

2N4392CHP 


SST6910 

SST6910 


THJ4293 

2N4393CHP 


SST6911 


SST6908 

THJ4338 

2N4338CHP 


SU2098 

2N5197 


THJ4339 

2N4339CHP 


SU2098B 

2N5196 


THJ4340 

2N4340CHP 


TD5902 

U421 


THJ4341 

2N4341CHP 


TD5903 

U422 


THJ4391 

2N4391CHP 


TD5904 

U423 


THJ4416 

2N4416CHP 


TD5905 

U421 


THJ4416A 

2N4416ACHP 
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C%' Siliconix 

JLM incorporated 


CROSS REFERENCE 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

THJ4856 

2N4856CHP 


TMPF4393 

SST4393 


THJ4856A 

2N4856ACHP 


TMPF44 1 6 

SST4416 


THJ4857 

2N4857CHP 


TMPF44 1 6 

SST4416 


THJ4857A 

2N4857ACHP 


TMPF4416A 


SST4416 

THJ4858 

2N4858CHP 


TMPF4856 

SST4856 


THJ4858A 

2N4858ACHP 


TMPF4856A 

SST4856A 


THJ4859 

2N4859CHP 


TMPF4857 

SST4857 


THJ4859A 

2N4859ACHP 


TMPF4857A 

SST4857A 


THJ4860 

2N4860CHP 


TMPF4858 

SST4848 


THJ4860A 

2N4860ACHP 


TMPF4858A 

SST4848A 


THJ4861 

2N4861CHP 


TMPF4859 

SST4859 


THJ4861 A 

2N4861 ACHP 


TMPF4859A 

SST4859A 


THJ4867 

2N4767CHP 


TMPF4860 

SST4860 


THJ4868 

2N4868CHP 


TMPF4860A 

SST4860A 


THJ4869 

2N4869CHP 


TMPF4861 

SST4861 


THJ5018 

2N5114CHP 


TMPF4861A 

SST4861 A 


THJ5019 

2N5114CHP 


TMPF51 14 

SST5114 


THJ5046 

2N5196CHP 


TMPF5115 

SST5115 


THJ5047 

2N5199CHP 


TMPF51 16 

SST5116 


THJ5114 

2N5114CHP 


TMPF5457 

SST5457 


THJ5115 

2N5115CHP 


TMPF5458 

SST5458 


THJ5116 

2N5116CHP 


TMPF5459 

SST5459 


THJ5199 

2N5199CHP 


TMPF5460 

SST5460 


THJ5432 

2N5432CHP 


TMPF5461 

SST5461 


THJ5433 

2N5433CHP 


TMPF5462 

SST5462 


THJ5434 

2N5434CHP 


TMPF5484 

SST5484 


THJ5457 

J202CHP 


TMPF5485 

SST5485 


THJ5458 

J202CHP 


TMPF5486 

SST5486 


THJ5459 

J203CHP 


TN0102N2 


VN0300B 

THJ5484 

2N5484CHP 


TN0102N3 


VN0300L 

THJ5485 

2N5485CHP 


TNO520N2 


VN2406B 

THJ5486 

2N5486CHP 


TNO520N3 


VN2410L 

THJ5638 

2N5638CHP 


TN0524N3 


VN2410L 

THJ5639 

2N5639CHP 


TN4117A 

2N4117A 


THJ5640 

2N5640CHP 


TN4118A 

2N4118A 


THJ5911 

2N5911CHP 


TP0610E 

TP0610E 


THJ5912 

2N5912CHP 


TP0610L 

TP0610L 


TIS14 

2N4416 


TP0610T 

TP0610T 


TIS88A 

2N4416A 


UCX1702 


3N164 

TMF5911 

2N5911CHP 


UC155 


U309 

TMF5912 

2N5912CHP 


UC155E 


J309 

TMPFJ111 

SST111 


UC155W 


J309 

TMPFJ112 

SST112 


UC1700 


3N163 

TMPFJ1 13 

SST113 


UC210 


2N4416 

TMPFJ174 

SST174 


UC2130 


2N5196 

TMPFJ175 

SST175 


UC240 

2N4869 


TMPFJ176 

SST176 


UC241 


2N4221 

TMPFJ177 

SST177 


UC250 


2N4091 

TMPFJ201 

SST201 


UC251 

2N4392 


TMPFJ202 

SST202 


UC452 


2N4392 

TMPFJ203 

SST203 


UC588 


PN4416 

TMPFJ210 

SST210 


UC703 


2N4221 

TMPFJ21 1 

SST21 1 


UC705 


U310 

TMPFJ212 

SST212 


UC707 


2N4856 

TMPFJ270 

SST270 


UC714 


2N4222 

TMPFJ271 

SST271 


UC755 


2N4341 

TMPFJ300 


SST212 

UC756 


2N4341 

TMPFJ304 

SST304 


UC758 


J202 

TMPFJ305 

SST305 


U1177 

2N4220A 


TMPFJ308 

SST308 


U1325 

2N4222 


TMPFJ309 

SST309 


U183 

2N4416 


TMPFJ310 

SST310 


U1837 

U1837 


TMPFU304 

SST304 


U 1837-1 8 

U1 837-1 8 


TMPFU310 

SST310 


U1837E 

U1837 


TMPF3819 

SST4416 


U184 

2N4416 


TMPF3820 


SST270 

U1897 

U1897 


TMPF4091 

SST4856 


U1 897-1 8 

U1897-18 


TMPF4092 

SST4857 


U1897E 

U1897-18 


TMPF4093 


SST4856 

U1898 

U1898 


TMPF4338 


SST201 

U1 898-1 8 

U1898-18 


TMPF4339 


SST204 

U1898E 

U1898-18 


TMPF4340 


SST202 

U1899 

U1899 


TMPF4341 


SST203 

U1899-18 

U1899-18 


TMPF4391 

SST4391 


U1899E 

U1899-18 


TMPF4392 

SST4392 


U197 

2N4338 
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CROSS REFERENCE 



Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

U198 

2N4340 


U444 

U444 


U199 


2N4341 

U508 

CRR0240 


U1994 


J304 

VCR2N 

VCR2N 


U1994E 


J304-18 

VCR3P 

VCR3P 


U200 


2N4393 

VCR4N 

VCR4N 


U201 


2N4392 

VCR5P 

VCR3P 


U202 


2N4391 

VCR7N 

VCR7N 


U2047E 

PN4416-18 


VN0104N5 

VN66AD 


U2134 


2N5199 

VN0104N6 


VQ1004J 

U231 

2N5197 


VN0104N7 


VQ1004P 

U232 

2N5198 


VN0106N5 

VN66AD 


U233 

2N5199 


VN0106N6 


VQ1004J 

U234 

2N5199 


VN0106N7 


VQ1004P 

U235 

2N5199 


VN0106N9 


VN10LE 

U240 

2N5432 


VN0116N2 


VN1706B 

U241 

2N5433 


VN0116N3 


VN1710L 

U242 

2N5432 


VN0116N5 

VN1706D 


U243 

2N5433 


VN0120N2 


VN2406B 

U248 

U42402 


VN0120N3 


VN2410L 

U249 

U424 


VN0120N5 

VN2406D 


U250 

U425 


VN0216N2 


VN1706B 

U251 

U426 


VN0216N3 


VN1706L 

U257 

M5912 


VN0216N5 


VN1706D 

U280 


2N5197 

VN0220N2 


VN2406B 

U281 


2N5197 

VN0220N3 


VN2406L 

U282 


2N5198 

VN0220N5 


VN2406D 

U283 


2N5198 

VN0300B 

VN0300B 


U284 


2N5199 

VN0300D 

VN0300D 


U285 


2N5199 

VN0300L 

VN0300L 


U290 

U290 


VN0300M 

VN0300M 


U291 

U291 


VN0350N3 


VN3515L 

U295 


U290 

VN0535N2 


VN4012B 

U296 


U291 

VN0535N3 


VN3515L 

U300 


2N5114 

VN0540N2 


VN4012B 

U3000 

2N4341 


VN0540N3 


VN4012L 

U3001 

2N4339 


VN0603L 

VN0603L 


U3002 

2N4338 


VN0603L 

VN0603L 


U301 


2N5115 

VN0603T 

VN0603T 


U3010 

2N4341 


VN0606L 

VN0606L 


U3011 

2N4340 


VN0606M 

VN0606M 


U3012 

2N4338 


VN0606T 

VN0605T 


U304 

2N5114 


VN0610L 

VN0610L 


U305 

2N5115 


VN0610LL 

VN0610LL 


U306 

2N5116 


VN0808L 

VN0808L 


U308 

U308 


VN0808M 

VN0808M 


U309 

U309 


VN10KE 

VN10KE 


U310 

U310 


VN10KM 

VN10KM 


U31 1 

U310 


VN10KMA 

VN10KM 


U312 


U309 

VN10KN3 


VN10LM 

U320 


2N5432 

VN10KN9 


VN10LE 

U321 


2N5434 

VN10LE 

VN10LE 


U322 


2N5432 

VN10LM 

VN10LM 


U350 

U350 


VN1008L 

VN1008L 


U401 

U401 


VN1206B 

VN1206B 


U402 

U402 


VN1206D 

VN1206D 


U403 

U403 


VN1206L 

VN1206L 


U404 

U404 


VN1206M 

VN1206M 


U405 

U405 


VN1210L 

VN1210L 


U406 

U406 


VN1210M 

VN1210M 


U410 

U410 


VN1304N2 


VN1206B 

U41 1 

U41 1 


VN1304N3 


VN1206L 

U412 

U412 


VN1304N6 


VQ1004J 

U421 

U421 


VN1304N7 


VQ1004P 

U422 

U422 


VN1306N2 


VN1206B 

U423 

U423 


VN1306N3 


VN1206L 

U424 

U424 


VN1306N6 


VQ1004J 

U425 

U425 


VN1306N7 


VQ1004P 

U426 

U426 


VN1310N2 


VN1206B 

U427 

U427 


VN1310N3 


VN120.6L 

U428 

U428 


VN1316N2 


VN4012B 

U430 

U430 


VN1316N3 


BS107 

U431 

U431 


VN1320N2 


VN4012B 

U440 

U440 


VN1320N3 


BS107 

U441 

U441 


VN1706B 

VN1706B 


U443 

U443 


VN1706D 

VN1706D 
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CT Siliconix 

m m incorporated 


CROSS REFERENCE 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement , 

VN1706L 

VN1706L 


VP2410L 

VP2410L 


VN1706M 

VN1706M 


VQ1000CJ 

VQ1000J 


VN1710L 

VN1710L 


VQ1000CP 

VQ1000P 


VN1710M 

VN1710M 


VQ1000J 

VQ1000J 


VN2010L 

VN2010L 


VQ1000N6 

VQ1000J 


VN2020L 

VN2020L 


VQ1000N7 

VQ1000P 


VN2222KM 

VN2222KM 


VQ1000P 

VQ1000P 


VN2222L 

VN2222L 


VQ1000P-7 

VQ1000P-7 


VN2222LL 

VN2222LL 


VQ1000P/883 

VQ1000P-7 


VN2222LM 

VN2222LM 


VQ1001G 

VQ1001P 


VN2406B 

VN2406B 


VQ1001J 

VQ1001J 


VN2406D 

VN2406D 


VQ1001P 

VQ1001P 


VN2406L 

VN2406L 


VQ1004J 

VQ1004J 


VN2406M 

VN2406M 


VQ1004P 

VQ1004P 


VN2410L 

VN2410L 


VQ1006J 

VQ1006J 


VN2410M 

VN2410M 


VQ1006P 

VQ1006P 


VN30AB 


VN35AB 

VQ2000J 

VQ2000J 


VN35AB 

VN35AB 


VQ2000P 

VQ2000P 


VN35AK 

VN35AB 


VQ2001G 

VQ2001P 


VN3515L 

VN3515L 


VQ2001J 

VQ2001J 


VN40AD 

VN40AD 


VQ2001P 

VQ2001P 


VN40AF 


VN40AFD 

VQ2004J 

VQ2004J 


VN4010B 


VN4012B 

VQ2004P 

VQ2004P 


VN4010L 


VN4012L 

VQ2006J 

VQ2006J 


VN4012B 

VN4012B 


VQ2006P 

VQ2006P 


VN4012L 

VN4012L 


VQ3001G 

VQ3001P 


VN46AD 

VN46AD 


VQ3001J 

VQ3001J 


VN46AF 


VN46AFD 

VQ3001N6 

VQ3001J 


VN50300L 

VN50300L 


VQ3001N7 

VQ3001P 


VN50300T 

VN50300T 


VQ3001P 

VQ3001P 


VN66AD 

VN66AD 


VQ7254J 

VQ7254J 


VN66AF 


VN66AFD 

VQ7254N6 

VQ7254J 


VN67AA 


VN67AB 

VQ7254N7 

VQ7254P 


VN67AB 

VN67AB 


VQ7254P 

VQ7254P 


VN67AD 

VN67AD 


VQ7254P-7 

VQ7254P-7 


VN67AF 


VN67AFD 

VQ7254P/883 

VQ7254P-7 


VN67AK 


VN67AB 

ZVN01A2A 

VN0300L 


VN80AF 


VN80AFD 

ZVN01A2L 

VN0300L 


VN88AD 

VN88AD 


ZVN0102A 

VN0300L 


VN88AF 


VN88AFD 

ZVN0102B 

VN0300B 


VN89AA 


VN99AB 

ZVN0102L 

VN0300L 


VN89AB 

VN99AB 


ZVN0104B 

VN67AB 


VN89AD 

VN89AD 


ZVN0104L 

VN46AD 


VN89AF 


VN89AFD 

ZVN0106L 

VN66AD 


VN90AA 


VN90AB 

ZVN0108L 

VN88AD 


VN90AB 

VN90AB 


ZVN0109B 

2N6661 


VN98AJ 


VN99AB 

ZVN0109L 


VN88AD 

VN98AK 

2N6661 


ZVN0110A 

VN1206L 


VN99AB 

VN99AB 


ZVN0110B 

VN1206B 


VN99AK 


VN99AB 

ZVN0110L 

VN1206D 


VP0104N3 


TP0610L 

ZVN0114A 

VN1706L 


VP0104N6 


VQ2004J 

ZVN0116A 

VN1706L 


VP0104N9 


TP0610E 

ZVN0116B 

VN1706B 


VP0106N3 


TP0610L 

ZVN0117TA 

VN1710L 


VP0106N9 


TP0610E 

ZVN0120A 

VN2410L 


VP0116N2 


VP2020B 

ZVN0120A 

VN2410L 


VP0116N3 


VP2020L 

ZVN1304A 

VN2222L 


VP0120N2 


VP2020B 

ZVN1304B 

VN67AB 


VP0120N3 


VP2020L 

ZVN1306A 

VN0610L 


VP0204N2 

VP0808B 


ZVN1306B 

VN67AB 


VP0300B 

VP0300B 


ZVN1308A 

VN1210L 


VP0300L 

VP0300L 


ZVN1308B 

VN1210B 


VP0300M 

VP0300M 


ZVN1309A 

VN2410L 


VP0610E 

VP0610E 


ZVN1310A 

VN2406L 


VP0610L 

VP0610L 


ZVN1314A 

VN2410L 


VP0610T 

VP0610T 


ZVN1316A 

VN2410L 


VP0808B 

VP0808B 


ZVN1320A 

VN2410L 


VP0808L 

VP0808L 


ZVN1404A 

VN0610L 


VP0808M 

VP0808M 


ZVN1404B 

VN67AB 


VP1008B 

VP1008B 


ZVN1406A 

VN0610L 


VP1008L 

VP1008L 


ZVN1406B 

VN67AB 


VP1008M 

VP1008M 


ZVN1408A 

VN2410L 


VP2020E 

VP2020E 


ZVN1409A 

VN2410L 


VP2020L 

VP2020L 


ZVN1414A 

VN2410L 


VP2410B 

VP2410B 


ZVN1416A 

VN2410L 
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CROSS REFERENCE 


CT'Siliconix 

incorporated 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

ZVN1420A 

VN2020L 


2N3088 

2N4338 


ZVN21 15 A 

VN1710L 


2N3088A 

2N4338 


ZVN2115B 

VN1710B 


2N3089 

2N4338 


ZVN3302A 

VN0300L 


2N3089A 

2N4338 


ZVN3302B 

VN0300B 


2N3112 


J270 

ZVN3304A 

VN1206L 


2N3277 


J276 

ZVN3304B 

VN1206B 


2N3278 


J276 

ZVN3306B 


VN1206B 

2N3328 


J176 

ZVN3310A 


VN1206L 

2N3329 


J176 

ZVN530A 

VN3515L 


2N3330 


J176 

ZVN535A 

VN3515L 


2N3331 


J176 

ZVN540A 

VN4012L 


2N3332 


J176 

ZVP0120A 


BSS92 

2N3365 

2N4340 


ZVP1306A 


TP0610L 

2N3366 

2N4338 


ZVP1306B 


TP0610B 

2N3367 

2N4338 


ZVP1308A 


BSS92 

2N3368 

2N4341 


ZVP1320A 


BSS92 

2N3369 

2N4339 


ZVP1408B 

VP0808B 


2N3370 

2N4340 


ZVP1409B 

VP1008B 


2N3376 


J201 

ZVP1410B 

VP1008B 


2N3378 


J270 

ZVP3306A 


TP0610L 

2N3380 


J176 

1N5283 


CR022 

2N3382 


J176 

1N5284 


CR024 

2N3384 


J175 

1N5285 


CR027 

2N3386 

2N5116 


1N5286 


CR030 

2N3436 

2N4341 


1N5287 


CR033 

2N3437 

2N4340 


1N5288 


CR039 

2N3438 

2N4338 


1N5289 


CR043 

2N3452 

2N4340 


1N5290 


CR047 

2N3453 

2N4338 


1N5291 


CR056 

2N3454 


J201 

1N5292 


CR062 

2N3455 

2N4340 


1N5293 


CR068 

2N3456 

2N4338 


1N5294 


CR075 

2N3457 

2N4338 


1N5295 


CR082 

2N3458 

2N4341 


1N5296 


CR091 

2N3466 


2N4220 

1N5297 


CR100 

2N3684 


2N4221 

1N5298 


CR110 

2N3684A 


2N4221 

1N5299 


CR120 

2N3685 


2N4220 

1N5300 


CR130 

2N3685A 


2N4220 

1N5301 


CR140 

2N3686 


2N4220 

1N5302 


CR150 

2N3686A 


2N4220 

1N5303 


CR160 

2N3819 

2N3819 


1N5304 


CR180 

2N3819-18 

2N3819-18 


1N5305 


CR200 

2N3820 

J270 


1N5306 


CR220 

2N3821 

2N4220 


1N5307 


CR240 

2N3822 

2N4221 


1N5308 


CR270 

2N3823 

2N4222 


1N5309 


CR300 

2N3824 

2N4220 


1N5310 


CR330 

2N3909 

2N3909 


1N5311 


CR360 

2N3909A 

2N3909A 


1N5312 


CR390 

2N3921 


U401 

1N5313 


CR430 

2N3922 


U402 

1N5314 


CR470 

2N3954 


2N5196 

2N2386 


J270 

2N3954A 


2N5194 

2N2386A 


J270 

2N3955 


2N5197 

2N2497 


J270 

2N3955A 

2N3955A 


2N2498 


J270 

2N3956 

2N3956 


2N2499 


J270 

2N3957 

2N3957 


2N2500 


J270 

2N3958 

2N3958 


2N2606 


J176 

2N3966 


2N4416 

2N2607 


J176 

2N3967 

2N4221 


2N2841 


J270 

2N3967A 

2N4221 


2N2842 


J270 

2N3968 

2N4340 


2N2843 


J270 

2N3968A 

2N4340 


2N2844 


J270 

2N3969 

2N4339 


2N3066 

2N4340 


2N3969A 

2N4339 


2N3067 

2N4338 


2N3970 

2N4391 


2N3068 

2N4338 


2N3971 

2N4391 


2N3069 

2N4341 


2N3972 

2N4393 


2N3070 

2N4339 


2N3993 

2N5116 


2N3071 

2N4338 


2N4084 


U402 

2N3084 

2N4340 


2N4085 


U404 

2N3085 

2N4340 


2N4091 

2N4091 


2N3086 

2N4340 


2N4091A 

2N4091 


2N3087 

2N4340 


2N4092 

2N4092 
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CT'Siliconix 

incorporated 


CROSS REFERENCE 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

2N4092A 

2N4092 


2N5163 

JI13-18 


2N4093 

2N4093 


2N5196 

2N5196 


2N4093A 

2N4093 


2N5197 

2N5197 


2N4094 

2N4856 


2N5198 

2N5198 


2N4095 

2N4857 


2N5199 

2N5199 


2N4117 

2N4117 


2N5245 

J304-18 


2N4117A 

2N4117A 


2N5246 

J305-18 


2N4118 

2N4118 


2N5247 

MPF109-18 


2N4118A 

2N4118A 


2N5248 

2N5486 


2N4119 

2N4119 


2N5257 

J202 


2N4119A 

2N4119A 


2N5258 

J202 


2N4120 

3N163 


2N5259 

J202 


2N4220 

2N4220 


2N5358 


2N4339 

2N4220A 

2N4220A 


2N5359 


2N4339 

2N4221 

2N4221 


2N5360 

2N4340 


2N4221A 

2N4221A 


2N5361 


2N4341 

2N4222 

2N4222 


2N5362 


2N4341 

2N4222A 

2N4222A 


2N5363 

2N4222A 


2N4223 


2N4222 

2N5364 


2N4222 

2N4223A 


2N4222 

2N5391 

2N4867A 


2N4224 


2N4222 

2N5392 

2N4868A 


2N4224A 


2N4222 

2N5393 

2N4869A 


2N4267 

3N163 


2N5394 

2N4869A 


2N4302 

PN4302-18 


2N5395 

2N4869A 


2N4303 

PN4303-18 


2N5396 

2N4869A 


2N4304 

PN4304-18 


2N5397 

U310 


2N4338 

2N4338 


2N5398 


J212 

2N4339 

2N4339 


2N5432 

2N5432 


2N4340 

2N4340 


2N5433 

2N5433 


2N4341 

2N4341 


2N5434 

2N5434 


2N4391 

2N4391 


2N5452 


2N5196 

2N4392 

2N4392 


2N5453 


2N5198 

2N4393 

2N4393 


2N5454 


2N5199 

2N4416 

2N4416 


2N5456 


2N4340 

2N4416A 

2N4416A 


2N5457 

J202 


2N4417 


SST4416 

2N5458 

J202 


2N4445 

2N5432 


2N5459 

J203 


2N4446 

2N5433 


2N5460 

2N4560 


2N4447 

2N5432 


2N5461 

2N5461 


2N4448 

2N5432 


2N5462 

2N5462 


2N4856 

2N4856 


2N5463 

2N5463 


2N4856A 

2N4856A 


2N5464 

2N5464 


2N4857 

2N4857 


2N5465 

2N5465 


2N4857A 

2N4857A 


2N5484 

2N5484 


2N4858 

2N4858 


2N5485 

2N5485 


2N4858A 

2N4858A 


2N5486 

2N5486 


2N4859 

2N4859 


2N5515 


2N5196 

2N4859A 

2N4859A 


2N5516 


2N5197 

2N4860 

2N4860 


2N5517 


2N5198 

2N4860A 

2N4860A 


2N5518 


2N5199 

2N4861 

2N4861 


2N5519 


2N5199 

2N4861A 

2N4861A 


2N5520 


2N5196 

2N4867 

2N4867 


2N5521 


2N5197 

2N4867A 

2N4867A 


2N5522 


2N5198 

2N4868 

2N4868 


2N5523 


2N5199 

2N4868A 

2N4868A 


2N5524 


2N5199 

2N4869 

2N4869 


2N5543 


2N5197 

2N4869A 

2N4869A 


2N5544 


2N5197 

2N4977 

2N5432 


2N5545 


2N5199 

2N4978 

2N5433 


2N5546 


2N5198 

2N4979 

2N5434 


2N5547 


2N5199 

2N5018 


2N5114 

2N5549 


2N4392 

2N5019 

2N5116 


2N5556 

2N4339 


2N5045 

2N5196 


2N5557 


2N4340 

2N5046 

2N5198 


2N5558 


2N4341 

2N5047 

2N5199 


2N5561 

U401 


2N5078 


J21 1 

2N5562 

U402 


2N5103 

2N4416 


2N5563 

U404 


2N5104 

2N4416 


2N5564 

DN5564 


2N5105 

2N4416 


2N5564 

2N5564 


2N5114 

2N5114 


2N5565 

DN5565 


2N5115 

2N5115 


2N5565 

2N5565 


2N5116 

2N5116 


2N5566 

DN5566 


2N5158 

2N5434 


2N5566 

2N5566 


2N5159 

2N5433 


2N5567 

DN5567 
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CROSS REFERENCE 


CT'Siliconix 

JLM incorporated 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

2N5592 

2N4341 


2N7104 

2N7104 


2N5593 

2N4341 


2N7105 

2N7105 


2N5594 

2N4341 


2N7106 

2N7106 


2N5638 

2N5638 


2N7107 

2N7107 


2N5638-18 

2N5638-18 


2N7108 

2N7108 


2N5639 

2N5639 


2N7109 

2N7109 


2N5639-18 

2N5639-18 


2N7116 

2N7116 


2N5640 

2N5640 


2N7117 

2N7117 


2N5640-18 

2N5640-18 


2SK103 


SST201 

2N5647 

2N4117A 


2SK104E 


PN4302 

2N5648 

2N4117A 


2SK104F 


PN4302F 

2N5649 

2N4117A 


2SK104H 


PN4302 

2N5653 

J112 


2SK104J 


PN4303 

2N5654 


Jill 

2SK105E 


2N4220 

2N5668 


MPF108 

2SK105F 


2N4220 

2N5669 


MPF108 

2SK105H 


2N4221 

2N5670 


MPF108 

2SK105J 


2N4221 

2N5902 


U404 

2SK107 


J304 

2N5903 


U424 

2SK108 


PN4392 

2N5904 


U425 

2SK109 


U406 

2N5905 


U426 

2SK11 

2N4220 


2N5906 


U421 

2SK113 


2N4393 

2N5907 


U421 

2SK117 


2N4341 

2N5908 


U421 

2SK118 


2N4340 

2N5909 


U423 

2SK119 


2N4340 

2N5911 

2N5911 


2SK12 


2N4220A 

2N5912 

2N5912 


2SK120 


2N5484 

2N5949 

U 1837-1 8 


2SK121 


J210 

2N5950 

U1 837-1 8 


2SK123 


SST201 

2N5951 

U1 837-1 8 


2SK125 


J310 

2N5952 

J305-18 


2SK127 


2N4221 

2N5953 

J305-18 


2SK128 


J232 

2N6451 

2N4393 


2SK13 


2N4340 

2N6452 

2N4393 


2SK136 


J232 

2N6453 

2N4393 


2SK141 


2N4221 

2N6454 

2N4393 


2SK148 


2N5485 

2N6483 

U401 


2SK149 


J309 

2N6484 

U402 


2SK15 


2N4220A 

2N6485 

U404 


2SK150 


U405 

2N6659 

2N6659 


2SK154 


2N5485 

2N6659/750 

2N6659-5 


2SK155 


J309 

2N6660 

2N6660 


2SK156A 


PN4118 

2N6660/750 

2N6660-5 


2SK156B 


PN4119 

2N6661 

2N6661 


2SK156C 


PN4119 

2N6661 /7 50 

2N6661-5 


2SK157 


SST202 

2N6661 JAN 

2N6661 JAN 


2SK158 


2N4340 

2N6661 JANTX 

2N6661 JANTX 


2SK16H 


2N4221 

2N6661 JANTXV 

2N6661 JANTXV 


2SK16HA 


2N4220 

2N6905 

2N6905 


2SK16HB 


2N4221 

2N6905A 

2N6905A 


2SK16HC 


2N4221 

2N6906 

2N6906 


2SK160 


SST202 

2N6906A 

2N6906A 


2SK161 


2N5485 

2N6907 

2N6907 


2SK163 


J113 

2N6907A 

2N6907A 


2SK165 


J309 

2N6908 

2N6908 


2SK168D 


2N5485 

2N6909 

2N6909 


2SK168E 


J304 

2N6910 

2N6910 


2SK168F 


2N5486 

2N6911 


2N6908 

2SK17 


J230 

2N7000 

2N7000 


2SK18 


2N3958 

2N7001 

2N7001 


2SK18A 


2N3958 

2N7002 

2N7002 


2SK184 


2N4221 

2N7003 


VN50300T 

2SK185 


2N5566 

2N7007 

2N7007 


2SK186 


J232 

2N7008 

2N7008 


2SK19BL 


J309 

2N7009 


VN50300L 

2SK19GR 


J304 

2N7019 


VP0610T 

2SK19Y 


2N5485 

2N7019 

VP0610T 


2SK192ABL 


2N5486 

2N7020 

ND2020E 


2SK192AGR 


2N5484 

2N7022 

VN4012B 


2SK192AY 


2N5484 

2N7023 

VP2020E 


2SK193EF 


2N5484 

2N7024 

ND2410B 


2SK193FF 


2N5484 

2N7025 

TP0610L 


2SK193KF 


2N5484 

2N7026 

TP0610T 


2SK193LF 


2N5484 

2N7027 

TP0610E 


2SK193MF 


2N5485 

2N7030 

VP2410B 


2SK193PF 


2N5484 
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1EI ' incnrpnrated CROSS REFERENCE 


Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

Part 

Number 

Siliconix 

Direct 

Replacement 

Siliconix 

Similar 

Replacement 

2SK193UF 


J201 

2SK35 


J210 

2SK195E 


2N5484 

2SK362 


U1899 

2SK195F 


2N5484 

2SK363 


U1897 

2SK195H 


2N5484 

2SK364 


U1898 

2SK195J 


2N5485 

2SK365 


U1899 

2SK197C 


SST202 

2SK366 


U1898 

2SK197D 


SST4416 

2SK369 


U1898 

2SK197E 


SST4416 

2SK37 


2N5484 

2SK198 


2N4221 

2SK370 


J109 

2SK199 


2N5485 

2SK372 


U1897 

2SK208 


SST202 

2SK374 


2N4341 

2SK209 


SST4416 

2SK376 


PN4119 

2SK210BL 


SST309 

2SK377 


SST201 

2SK210GR 


SST4416 

2SK381 


JII3 

2SK210Y 


SST4416 

2SK389 


SST405 

2SK211 


SST4416 

2SK39 


PN4119 

2SK212C 


2N5484 

2SK39A 


PN4119 

2SK212D 


2N5484 

2SK40 


2N4339 

2SK212E 


2N5484 

2SK40B 


2N4339 

2SK212F 


2N5484 

2SK40C 


2N4340 

2SK217C 


SST202 

2SK40D 


J231 

2SK217D 


SST4416 

2SK404 


2N5485 

2SK217E 


SST4416 

2SK41 


2N5486 

2SK222 


J232 

2SK41C 


2N5484 

2SK23A-8 


2N5485 

2SK41D 


2N5484 

2SK23A-9 


2N4416A 

2SK41E 


2N5484 

2SK238K14 


SST202 

2SK41F 


2N5485 

2SK238K15 


SST202 

2SK42 


2N5484 

2SK238K16 


SST4416 

2SK422 


VN67AB 

2SK238K17 


SST4416 

2SK425 


SST4416 

2SK24 


J203 

2SK426 


SST4416 

2SK242C 


SST202 

2SK43 


J232 

2SK242D 


SST202 

2SK43S 


J113 

2SK242E 


SST4416 

2SK43S-D 


J113 

2SK242F 


SST4416 

2SK44 


J230 

2SK246BL 


2N4221 

2SK45 


2N4220A 

2SK246GR 


2N4221 

2SK46 


J230 

2SK247P 


J230 







2SK47 


2N5484 

2SK247Q 


J230 




2SK247R 


J231 

2SK48 

2N4220 


2SK247S 


J232 

2SK49 


2N5484 

2SK25 


2N5486 

2SK49E 


2N5484 

2SK266 


PN4119A 

2SK49F 


2N5484 

2SK270 


U405 

2SK49H 


2N5484 

2SK292 


2N5484 

2SK507 


J308 

2SK30 


J210 

2SK508 


SST308 

2SK30AGR 


2N4341 

2SK54 


2N5484 

2SK30AO 


2N4339 

2SK54B 


2N5484 

2SK30AR 


2N4338 

2SK54C 


2N5484 

2SK30ATM 


J211 

2SK55 


2N5485 

2SK30AY 


2N4340 

2SK55D 


2N5485 

2SK301P 


J230 

2SK55E 


2N5485 

2SK301Q 


J231 

2SK56 


2N5484 

2SK301R 


J232 

2SK57 


2N5484 

2SK301S 


J203 

2SK58 


U441 

2SK303C 


SST204 

2SK59 


2N4867 

2SK303D 


SST204 

2SK61 


2N5484 

2SK303E 


SST202 

2SK65 


J201 

2SK303F 


SST203 

2SK66 


J231 

2SK314 


2N4416A 

2SK67 


SST201 

2SK315E 


2N5484 

2SK67A 


SST201 

2SK315F 


2N5485 

2SK68 


2N4221 

2SK315G 


J21 1 

2SK68A 


2N4221 

2SK323 


SST203 

2SK72 


2N5158 

2SK33 


J304 

2SK83 


2N5484 

2SK330BL 


J203 

2SK84 


J231 

2SK330GR 


J202 

2SK93 


PN4119 

2SK330Y 


J202 

2SK94 


SST202 

2SK331 


SST201 

2SK97 


SST406 

2SK334 


SST201 

3N163 

3N163 


2SK34 

PN4302 


3N164 

3N164 



This Cross Reference material is accurate to the best knowledge and belief of Siliconix incorporated. Since individual 
circuit design and layout can influence device performance, the purchaser must be responsible for the ultimate selection 
and determination of interchangeability. 
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fTT'Siliconix 

JLW incnrparatEd 


SELECTOR GUIDE 


INTRODUCTION 


Low Power Discrete selector guides have been provided to assist design engineers in a number 
of ways. With their help selecting the proper JFET or MOSFET can be reduced to a minimum. 

First, curve and bar graphs have been constructed to allow you to rapidly gain an understanding 
of how our geometries have been characterized to provide a wide range of design alternatives. 
Once a geometry which has the desired characteristics has been identified, you can then turn to 
the typical performance curves (section 7) . Here a more detailed curve set and a list of repre- 
sentative part numbers is provided. Turning to the appropriate data sheet and confirming 
specifications completes the selection process. 

Secondly, a listing of individual device types with their key electrical parameters has been pro- 
vided for all three product line segments. To aid in selecting a JFET, for example, the list has 
been broken out by major applications. In fact the user can select JFETs optimized for low- 
leakage, low-noise, high-gain, high-frequency, and general purpose amplification, as well as n- 
and p-channel analog switches, current limiting, low leakage diodes, voltage controlled 
resistors, and specialty JFET circuits. Similar lists are also provided for our lateral DMOS and 
Low Power MOS product line segments. 

All in all Siliconix is confident one of its low power products will find a home in you next applica- 
tion. When system performance is at stake the proper sue of discrete components often is the 
difference between design success or failure. Through the use of the selector guides, this 
decision is faster and more reliable. 
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JFETS 


Siliconix 

incorporated 


N-CHANNEL GEOMETRY TYPICALS 



0.01 0.1 1 10 100 IK 10 K 

• dss ( m A) 


Cutoff Voltage vs. Common-Source 
Forward Transconductance 



0.1 1 10 100 1 K 

Qfs ( mS ) 
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1 10 100 1 K 
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1 K 


1 


10 


100 

r DS(ON) [£L) 


10 K 







iliconix 

incorporated 


JFETS 


N-CHANNEL GEOMETRY TYPICALS 










Siliconix 

incDrpnratEd 


JFETS 
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JFETS 


Jar 


Siliconix 

incorporated 


P-CHANNEL GEOMETRY TYPICALS 



0 1 I 1 I I I I I Ul I 1 — L-1.-LL.1JJ I I LJLLLLLJ I L-L-LLUJJ I I I II II II I L 1 LLLLLI 

'-0.01 -0.1 -1 -10 -100 -IK -10 K 
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Cutoff Voltage vs. Common-Source 
Forward Transconductance 



0.1 1 10 100 1 K 
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9 os (MS) 
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1 K 


1 


10 


100 
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JFETS 


CT'Siliconix 

M W incorparatEd 


P-CHANNEL GEOMETRY TYPICALS 


Gate-Source Breakdown Voltage vs. Geometry 
-100 | 1 | 



PSCIA PSCIB 

GEOMETRY 


Noise Voltage vs. Geometry 
1000 | 1 1 | 


e " 100 
(nV/VRI) 




PSCIB PSCIA 

GEOMETRY 


Input Capacitance vs. Geometry 


100 



PSCIB PSCIA 


GEOMETRY 


Reverse-Transfer Capacitance vs. Geometry 

100 | | | 


10 



PSCIB PSCIA 

GEOMETRY 
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Siliconix 

incorporated 


JFET AMPLIFIERS 
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CX'Siliconix 

m m incorporated 


LOW LEAKAGE JFET AMPLIFIERS 


PART # 

V(BR)GSS 

(V) 

Idss 

MIN MAX 

(mA) 

Igss 

(PA) 

9 fs 
(mS) 

9 os 
(US) 

Cj ss 

(pF) 

C r ss 

(PF) 

e n 

(nV) 

OFF- 

SET 

SOT-23 











SST201 

-57 

0.2 

1 

-2 

0.5 


4.5 

1.3 

6 


SST202 

-57 

0.9 

4.5 

-2 

1 

- 

4.5 

1.3 

6 

- 

SST203 

-57 

4 

20 

-2 

1.5 

- 

4.5 

1.3 

6 

- 

SST204 

-57 

0.2 

3 

-2 

6 

- 

4.5 

1.3 

6 

- 


TO-18 

2N4338 

-57 

0.2 

0.6 

-2 

0.6 

5 

5 

1.5 

6 


2N4339 

-57 

0.5 

1.5 

-2 

0.8 

15 

5 

1.5 

6 

- 

2N4340 

-57 

1.2 

3.6 

-2 

1.3 

30 

5 

1.5 

6 

- 

2N4341 

-57 

3 

9 

-2 

2 

60 

5 

1.5 

6 

- 

TO-72 

2N4117 

-70 

0.03 

0.09 

-0.2 

0.07 

3 

1.2 

0.3 

15 


2N4117A 

-70 

0.03 

0.09 

-0.2 

0.07 

3 

1.2 

0.3 

15 

- 

2N4118 

-70 

0.08 

0.24 

-0.2 

0.08 

5 

1.2 

0.3 

15 

- 

2N4118A 

-70 

0.08 

0.24 

-0.2 

0.08 

5 

1.2 

0.3 

15 

- 

2N4119 

-70 

0.2 

0.6 

-0.2 

0.1 

10 

1.2 

0.3 

15 

- 

2N4119A 

-70 

0.2 

0.6 

-0.2 

0.1 

10 

1.2 

0.3 

15 

- 

2N4867 

-57 

0.4 

1.2 

-2 

0.7 

1.5 

4.5 

1.3 

6 

- 

2N4867A 

-57 

0.4 

1.2 

-2 

0.7 

1.5 

4.5 

1.3 

6 

- 

2N4868 

-57 

1 

3 

-2 

1 

4 

4.5 

1.3 

6 

- 

2N4868A 

-57 

1 

3 

-2 

1 

4 

4.5 

1.3 

6 

- 

2N4869 

-57 

2.5 

7.5 

-2 

1.3 

10 

4.5 

1.3 

6 

- 

2N4869A 

-57 

2.5 

7.5 

-2 

1.3 

10 

4.5 

1.3 

6 



3-8 






CT’Siliconix 

JJ incorporated 

LOW LEAKAGE JFET AMPLIFIERS (Cont’d) 


• dss 

V(BR)GSS MIN MAX Igss 9fs 9 os Ciss Crss e n OFF- 

PART # (V) (mA) (pA) (mS) (juS) (pF) (pF) (nV) SET 



TO-78 


U421 

-60 

0.06 

1 

-0.6 

0.6 

4 

1.4 

0.7 

30 

10 

U422 

-60 

0.06 

1 ' 

-0.6 

0.6 

4 

1.4 

0.7 

30 

15 

U423 

-60 

0.06 

1 

-0.6 

0.6 

4 

1.4 

0.7 

30 

25 

U424 

-60 

0.06 

1.8 

-0.8 

0.6 

4 

1.4 

0.7 

30 

10 

U425 

-60 

0.06 

1.8 

-0.8 

0.6 

4 

1.4 

0.7 

30 

15 

U426 

-60 

0.06 

1.8 

-0.8 

0.6 

4 

1.4 

0.7 

30 

25 


TO-92 



J201 

-57 

0.2 

1 

-2 

0.5 

- 

4.5 

1.3 

6 

- 

J202 

-57 

0.9 

4.5 

-2 

1 

- 

4.5 

1.3 

6 

- 

J203 

-57 

4 

20 

-2 

1.5 

- 

4.5 

1.3 

6 

- 

J204 

-57 

0.2 

3 

-2 

0.5 

- 

4.5 

1.3 

6 

- 

J230 

-57 

0.7 

3 

-2 

1 

- 

4.5 

1.3 

14 

- 

J231 

-57 

2 

6 

-2 

1.5 

- 

4.5 

1.3 

14 

- 

J232 

-57 

5 

10 

-2 

2.5 

- 

4.5 

1.3 

14 

- 

PN4117 

-70 

0.03 

0.09 

-0.2 

3 

1.3 

0.4 

1.3 

- 

- 

PN4117A 

-70 

0.03 

0.09 

0.2 

3 

1.3 

0.4 

15 

- 

- 

PN4118 

-70 

0.08 

0.24 

-0.2 

5 

1.3 

0.4 

15 

- 

- 

PN4118A 

-70 

0.08 

0.24 

0.2 

5 

1.3 

0.4 

15 

- 

- 

PN4119 

-70 

0.2 

0.6 

-0.2 

10 

1.3 

0.4 

15 

- 

- 

PN4119A 

-70 

0.2 

0.6 

0.2 

10 

1.3 

0.4 

15 

- 

- 

PN4302 

-57 

0.5 

5 

-1 

1 

50 

4.5 

1.3 

6 

- 

PN4303 

-57 

4 

10 

-1 

2 

50 

4.5 

1.3 

6 

- 

PN4304 

-57 

0.5 

15 

-1 

1 

50 

4.5 

1.3 

6 

- 



3-9 





CZ'Siliconix 

M m incorporated 


LOW NOISE JFET AMPLIFIERS 


Idss 


e n 


V(BR)GSS min MAX Igss 9fs 9 os Ciss C rS s (nV) OFF- 

PART# (V) (mA) (pA) (mS) (jxS) (pF) (pF) @1KHz SET 


SOT-23 


SST201 

-57 

0.2 

1 

-2 

0.5 

- 

4.5 

1.3 

6 

- 

SST202 

-57 

0.9 

4.5 

-2 

1 

- 

4.5 

1.3 

6 

- 

SST203 

-57 

4 

20 

-2 

1.5 

- 

4.5 

1.3 

6 

- 

SST204 

-57 

0.2 

3 

-2 

6 

- 

4.5 

1.3 

6 

- 

SST308 

-35 

12 

60 

-2 

14 

110 

4 

1.9 

6 

- 

SST309 

-35 

12 

30 

-2 

14 

110 

4 

1.9 

6 

- 

SST310 

-35 

24 

60 

-2 

14 

110 

4 

1.9 

6 

- 

SST4416 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 



SO-8 


SST404 

SST405 

SST406 



-58 

0.5 

10 

-2 

1.5 

1.3 

4 

1.5 

10 

15 

-58 

0.5 

10 

-2 

1.5 

1.3 

4 

1.5 

10 

20 

-58 

0.5 

10 

-2 

1.5 

1.3 

4 

1.5 

10 

40 


TO-18 



2N4338 

-57 

0.2 

0.6 

-2 

0.6 

5 

5 

1.5 

6 

- 

2N4339 

-57 

0.5 

1.5 

-2 

0.8 

15 

5 

1.5 

6 

- 

2N4340 

-57 

1.2 

3.6 

-2 

1.3 

30 

5 

1.5 

6 

- 

2N4341 

-57 

3 

9 

-2 

2 

60 

5 

1.5 

6 

- 


TO-206AC (TO-52) 










U308 

-35 


60 

-2 

14 

250 

4 

1.9 

6 


U309 

-35 

12 

30 

-2 

14 

250 

4 

1.9 

6 

- 

U310 

-35 

24 

60 

-2 

14 

250 

4 

1.9 

6 

- 


3-10 





a 


Siliconix 

incorporated 


LOW NOISE JFET AMPLIFIERS (Cont’d) 


PART # 

V(BR)GSS 

(V) 

Idss 

MIN MAX 

(rnA) 

Igss 

(PA) 

9fs 

(mS) 

9 os 
(US) 

C| SS 

(PF) 

C r ss 

(PF) 

e n 

(nV) 

@1KHz 

OFF- 

SET 

TO-71 


5 









2N6905 

-55 

0.5 

10 

-2 

4 

4 

4 

1.5 

10 

5 

2N6906 

-55 

0.5 

10 

-2 

4 

4 

4 

1.5 

10 

10 

2N6907 

-55 

0.5 

10 

-2 

4 

4 

4 

1.5 

10 

25 

U401 

-58 

0.5 

10 

-2 

4 

5 

4 

1.5 

10 

5 

U402 

-58 

0.5 

10 

-2 

4 

5 

4 

1.5 

10 

10 

U403 

-58 

0.5 

10 

-2 

4 

5 

4 

1.5 

10 

10 

U404 

-58 

0.5 

10 

-2 

4 

5 

4 

1.5 

10 

15 

U405 

-58 

0.5 

10 

-2 

4 

5 

4 

1.5 

10 

20 

U406 

-58 

0.5 

10 

-2 

4 

5 

4 

1.5 

10 

40 

TO-72 











2N4220 

-57 

0.5 

3 

-2 

1 

10 

5 

•1.5 

6 


2N4416 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 

2N4416A 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 

2N4867 

-57 

0.4 

1.2 

-2 

0.7 

1.5 

4.5 

1.3 

6 

- 

2N4867A 

-57 

0.4 

1.2 

-2 

0.7 

1.5 

4.5 

1.3 

6 

- 

2N4868 

-57 

1 

3 

-2 

1 

4 

4.5 

1.3 

6 

- 

2N4868A 

-57 

1 

3 

-2 

1 

4 

4.5 

1.3 

6 

- 

2N4869 

-57 

2.5 

7.5 

-2 

1.3 

10 

4.5 

1.3 

6 

- 

2N4869A 

-57 

2.5 

7.5 

-2 

1.3 

10 

4.5 

1.3 

6 

- 

TO-78 


? 









U430 

-35 

12 

30 

-5 

15 

100 

4.5 

2 

6 


U431 

-35 

24 

60 

-5 

15 

100 

4.5 

2 

6 

- 

TO-92 


& 









2N3819 

-35 

2 

20 

-2 

5.7 

5.5 

2.2 

0.7 

10 


2N5484 

-35 

1 

5 

-2 

3 

50 

2.2 

0.7 

10 

_ 

2N5485 

-35 

4 

10 

-2 

3.5 

60 

2.2 

0.7 

10 

- 


3-11 






fCg'Siliconix 

JLM incorporated 


LOW NOISE JFET AMPLIFIERS (Cont’d) 


PART# 

V(BR)GSS 

(V) 

Idss 

MIN MAX 

(mA) 

Igss 

(pA) 

9 fs 
(mS) 

9 os 
(nS) 

Ciss 

(pF) 

C r ss 

(PF) 

e n 
(nV) 
@1 KHz 

OFF- 

SET 

TO-92 (Cont’d) 


£ 








2N5486 

-35 

8 

20 

-2 

4 

75 

2.2 

0.7 

10 

_ 

BF244A 

-35 

2 

6.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF244B 

-35 

2 

6.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF244C 

-35 

2 

6.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF245A 

-35 

2 

6.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF245B 

-35 

6 

15 

-2 

3 

- 

2 

0.8 

10 

- 

BF245C 

-35 

12 

25 

-2 

3 

- 

2 

0.8 

10 

- 

J201 

-57 

0.2 

1 

-2 

0.5 

- 

4.5 

1.3 

6 

- 

J202 

-57 

0.9 

4.5 

-2 

1 

- 

4.5 

1.3 

6 

- 

J203 

-57 

4 

20 

-2 

1.5 

- 

4.5 

1.3 

6 

- 

J204 

-57 

0.2 

3 

-2 

0.5 

- 

4.5 

1.3 

6 

- 

J230 

-57 

0.7 

3 

-2 

1 

- 

4.5 

1.3 

14 

- 

J231 

-57 

2 

6 

-2 

1.5 

- 

4.5 

1.3 

14 

- 

J232 

-57 

5 

10 

-2 

2.5 

- 

4.5 

1.3 

14 

- 

J304 

-35 

5 

15 

-2 

4.5 

50 

2.2 

0.7 

10 

- 

J305 

-35 

1 

8 

-2 

3 

50 

2.2 

0.7 

10 

- 

J308 

-35 

12 

60 

-2 

14 

110 

4 

1.9 

6 

- 

J309 

-35 

12 

30 

-2 

14 

110 

4 

1.9 

6 

- 

J310 

-35 

24 

60 

-2 

14 

110 

4 

1.9 

6 

- 

PN4302 

-57 

0.5 

5 

-1 

1 

50 

4.5 

1.3 

6 

- 

PN4303 

-57 

4 

10 

-1 

2 

50 

4.5 

1.3 

6 

- 

PN4304 

-57 

0.5 

15 

-1 

1 

50 

4.5 

1.3 

6 

- 

PN4416 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 

HIGH GAIN JFET AMPLIFIERS 








PART # 

V(BR)GSS 

(V) 

MIN 

Idss 

MAX 

(mA) 

1 GSS 

(PA) 

9fs 

(mS) 

9 os 
(pS) 

Ciss 

(PF) 

Crss 

(PF) 

e n 

(nV) 

@1KHz 

OFF- 

SET 

SOT-23 











BSR56 

-55 

50 


-5 



13 

3.5 



BSR57 

-55 

20 

100 

-5 

- 

- 

13 

3.5 

- 

- 

BSR58 

-55 

8 

80 

-5 

- 

- 

13 

3.5 

- 

- 

SST1 1 1 

-55 

20 

- 

-5 

6 

25 

7 

3 

4 

- 

SST112 

-55 

5 

- 

-5 

6 

25 

7 

3 

4 

- 


3-12 








Siliconix 

incorporated 


HIGH GAIN JFET AMPLIFIERS (Cont’d) 


V(BR)GSS MIN 
(V) 


9 os Ciss 
(US) (pF) 


e n 

(nV) OFF- 
@1 KHz SET 


SOT-23 (Cont’d) 



SST113 

-55 

2 

- 

-5 

6 

25 

7 

3 

4 

- 

SST4091 

-55 

30 

- 

-5 

6 

25 

12 

3.5 

3 

- 

SST4092 

-55 

15 

- 

-5 

6 

25 

12 

3.5 

3 

- 

SST4093 

-55 

8 

- 

-5 

6 

25 

12 

3.5 

3 

- 

SST4391 

-55 

50 

- 

-5 

6 

25 

13 

3.5 

3 

- 

SST4392 

-55 

25 

- 

-5 

6 

25 

13 

3.8 

3 

- 

SST4393 

-55 

5 

- 

-5 

6 

25 

13 

4 

3 

- 

SST4859 

-55 

30 

- 

-5 

6 

25 

12 

3.5 

3 

- 

SST4860 

-55 

15 

- 

-5 

6 

25 

12 

3.5 

3 

- 

SST4861 

-55 

8 

- 

-5 

6 

25 

12 

3.5 

3 

- 


TO-18 



SST440 

-35 

6 

30 

-1 

6 

20 

3.5 1 

4 

10 

SST441 

-35 

6 

30 

-1 

6 

20 

3.5 1 

4 

20 

SST5912 

-35 

7 

40 

-1 

6 

20 

3.5 1 

4 

15 



2N4091 

-55 

30 

- 

-5 

6 

25 

13 

3.5 

3 

- 

2N4092 

-55 

15 

- 

-5 

6 

25 

13 

3.5 

3 

- 

2N4093 

-55 

8 

- 

-5 

6 

25 

13 

3.5 

3 

- 

2N4391 

-55 

50 

150 

-5 

6 

25 

12 

3.3 

3 

- 

2N4392 

-55 

25 

75 

-5 

6 

25 

12 

3.2 

3 

- 

2N4393 

-55 

5 

30 

-5 

6 

25 

12 

2.8 

3 

- 

2N4856 

-55 

50 

- 

-5 

6 

25 

7 

3 

3 

- 

2N4856A 

-55 

50 

- 

-5 

6 

25 

7 

3 

3 

- 

2N4857 

-55 

20 

100 

-5 

6 

25 

7 

3 

3 

_ 

2N4857A 

-55 

20 

100 

-5 

6 

25 

7 

3 

3 

- 

2N4858 

-55 

8 

80 

-5 

6 

25 

7 

3 

3 

- 

2N4858A 

-55 

8 

80 

-5 

6 

25 

7 

3 

3 

- 

2N4859 

-55 

50 

- 

-5 

6 

25 

7 

3 

3 

- 

2N4859A 

-55 

50 

- 

-5 

6 

25 

7 

3 

3 

- 

2N4860 

-55 

20 

100 

-5 

6 

25 

7 

3 

3 

- 

2N4860A 

-55 

20 

100 

-5 

6 

25 

7 

3 

3 

_ 

2N4861 

-55 

8 

80 

-5 

6 

25 

7 

3 

3 

- 

2N4861A 

-55 

8 

80 

-5 

6 

25 

7 

3 

3 

- 


3-13 





CT'Siliconix 

J-M incorporated 


HIGH GAIN JFET AMPLIFIERS (Cont’d) 


PART # 

V(BR)GSS 

(V) 

MIN 

Idss 

MAX 

(mA) 

Igss 

(PA) 

9fs 

(mS) 

9 os 

0*S) 

Cj SS 

(pF) 

C r ss 

(pF) 

e n 

(nV) 

@1KHz 

OFF- 

SET 

TO-71 

2N5564 

-55 

5 

30 

-5 

9 

35 

10 

2.5 

12 

5 

2N5565 

-55 

5 

30 

-5 

9 

35 

10 

2.5 

12 

10 

2N5566 

-55 

5 

30 

-5 

9 

35 

10 

2.5 

12 

20 

M440 

-35 

6 

30 

-1 

6 

20 

3.5 

1 

4 

10 

M441 

-35 

6 

30 

-1 

6 

20 

3.5 

1 

4 

20 

TO-78 

M5911 

-35 

7 

40 

-1 

6 

20 

3.5 

1 

4 

10 

M5912 

-35 

7 

40 

-1 

6 

20 

3.5 

1 

4 

15 

TO-92 

2N5638 

-55 

50 


-5 

6 

25 

7 

3 

3 


2N5639 

-55 

25 

- 

-5 

6 

25 

7 

3 

3 

- 

2N5640 

-55 

5 

- 

-5 

6 

25 

7 

3 

3 

- 

Jill 

-55 

20 

- 

-5 

6 

25 

7 

3 

4 

- 

J111A 

-55 

5 

- 

-5 

6 

25 

7 

3 

4 

- 

J112 

-55 

2 

- 

-5 

6 

25 

7 

3 

4 

- 

J112A 

-55 

30 

- 

-5 

6 

25 

7 

3 

4 

- 

J 1 1 3 

-55 

15 

- 

-5 

6 

25 

7 

3 

4 

- 

J113A 

-55 

8 

- 

-5 

6 

25 

7 

3 

4 

- 

PN4091 

-55 

30 

- 

-5 

6 

25 

13 

3.5 

4 

- 

PN4092 

-55 

15 

- 

-5 

6 

25 

13 

3.5 

4 

- 

PN4093 

-55 

8 

- 

-5 

6 

25 

13 

3.5 

4 

- 

PN4391 

-55 

50 

150 

-5 

6 

25 

12 

3.5 

3 

- 

PN4392 

-55 

25 

100 

-5 

6 

25 

12 

3.5 

3 

- 

PN4393 

-55 

5 

60 

-5 

6 

25 

12 

3.5 

3 

- 

U1897 

-55 

30 

- 

-5 

6 

25 

14 

3 

3 

- 

U1898 

-55 

15 

- 

-5 

6 

25 

14 

3 

3 

- 

U1899 

-55 

8 


-5 

6 

25 

14 

3 

3 



3-14 






f^T" Siliconi x 

JJB incorporated 

HIGH FREQUENCY JFET AMPLIFIERS 


Idss 


e n 


V(BR)GSS MIN MAX Iqss 9 fs 9 os Ciss Crss (nV) OFF- 

PART # (V) (mA) (pA) (mS) (jiS) (pF) (pF) @1KHz SET 


SOT-23 


SST308 

-35 

12 

60 

-2 

14 

110 

4 

1.9 

6 

- 

SST309 

-35 

12 

30 

-2 

14 

110 

4 

1.9 

6 

- 

SST310 

-35 

24 

60 

-2 

14 

110 

4 

1.9 

6 

- 

SST4416 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 



TO-206AC (TO-52) 



U308 

-35 

12 ^ 

60 

-2 

14 

250 

4 

1.9 

6 

- 

U309 

-35 

12 

30 

-2 

14 

250 

4 

1.9 

6 

- 

U310 

-35 

24 

60 

-2 

14 

250 

4 

1.9 

6 

- 


TO-71 


U440 

U441 



-35 6 

-35 6 


30 

30 


-1 

-1 


6 70 3 1 

6 70 3 1 


4 

4 


10 

20 



TO-72 



2N4416 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 

2N4416A 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 

TO-78 


P 









2N5911 

-35 

7 

40 

-1 

6 

70 

3 

1 

4 

10 

2N5912 

-35 

7 

40 

-1 

6 

70 

3 

1 

4 

15 

U430 

-35 

12 

30 

-5 

15 

100 

4.5 

2 

6 

- 

U431 

-35 

24 

60 

-5 

15 

100 

4.5 

2 

6 

- 

U443 

-35 

6 

30 

-1 

6 

70 

3 

1 

4 

10 

U444 

-35 

6 

30 

-1 

6 

70 

3 

1 

4 

20 
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ITSificonix 

incorporated 


HIGH FREQUENCY JFET AMPLIFIERS (Cont’d) 


PART # 

V(BR)GSS 

(V) 

MIN 

• dss 

MAX 

(mA) 

Igss 

(PA) 

Sfs 

(mS) 

9 os 
(P-S) 

Cjss 

(PF) 

C r ss 

(PF) 

e n 
(nV) 
@1 KHz 

OFF- 

SET 

TO-92 











2N5484 

-35 

1 

5 

-2 

3 

50 

2.2 

0.7 

10 


2N5485 

-35 

4 

10 

CO 

CM 

1 

.5 

60 

2.2 

0.7 

10 

- 

2N5486 

-35 

8 

20 

-2 

4 

75 

2.2 

0.7 

10 

- 

BF244A 

-35 

2 6 

.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF244B 

-35 

2 6 

.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF244C 

-35 

2 6 

.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF245A 

-35 

2 6 

.5 

-2 

3 

- 

2 

0.8 

10 

- 

BF245B 

-35 

6 

15 

-2 

3 

- 

2 

0.8 

10 

- 

BF245C 

-35 

12 

25 

-2 

3 

- 

2 - 

0.8 

10 

- 

J210 

-35 

2 

15 

-1 

4 

150 

4 

1.5 

5 

- 

J21 1 

-35 

7 

20 

-1 

6 

200 

4 

1.5 

5 

- 

J21 2 

-35 

15 

40 

-1 

7 

200 

4 

1.5 

5 

- 

J304 

-35 

5 

15 

-2 4 

.5 

50 

2.2 

0.7 

10 

- 

J305 

-35 

1 

8 

-2 

3 

50 

2.2 

0.7 

10 

- 

J308 

-35 

12 

60 

-2 

14 

110 

4 

1.9 

6 

- 

J309 

-35 

12 

30 

-2 

14 

110 

4 

1.9 

6 

- 

J310 

-35 

24 

60 

-2 

14 

110 

4 

1.9 

6 

- 

PN4416 

-36 

5 

15 

-2 

6 

15 

2.2 

0.7 

9 

- 


GENERAL PURPOSE JFET AMPLIFIERS 

PART # 

V(BR)GSS 

(V) 

MIN 

1 DSS 

MAX 

(mA) 

Igss 

(pA) 

9 fs 
(mS) 

9 os 
(US) 

C|ss 

(PF) 

C r ss 

(PF) 

e n 

(nV) 

@1 KHz 

OFF- 

SET 

CLA- 

SS 

TO-71 












2N3956 

-57 

0.5 

5 

-10 

2.5 

2 

3 

1 

10 

15 

D 

2N3957 

-57 

0.5 

5 

-10 

2.5 

2 

3 

1 

10 

20 

D 

2N3958 

-57 

0.5 

5 

-10 

2.5 

2 

3 

1 

10 

25 

D 

2N5196 

-57 

0.7 

7 

-10 

2.5 

2 

3 

1 

9 

5 

D 

2N5197 

-57 

0.7 

7 

-10 

2.5 

2 

3 

1 

9 

5 

D 

2N5198 

-57 

0.7 

7 

-10 

2.5 

2 

3 

1 

9 

10 

D 

2N5199 

-57 

0.7 

7 

-10 

2.5 

2 

3 

1 

9 

15 

D 
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GENERAL PURPOSE JFET AMPLIFIERS (Cont’d) 


E9 


>dss 


e n 


PART # 

V(BR)GSS 

(V) 

MIN 

MAX 

(mA) 

Igss 

(pA) 

9fs 

(mS) 

9 os 
(J-JlS) 

C| S s 

(PF) 

C r ss 

(PF) 

(nV) 

@1 KHz 

OFF- CLA- 

SET SS 

TO-72 











2N4220 

-57 

0.5 

3 

-2 

1 

10 

5 

1.5 

6 

A 

2N4220A 

-57 

0.5 

3 

-2 

1 

10 

5 

1.5 

6 

A 

2N4221 

-57 

2 

6 

-2 

2 

20 

5 

1.5 

6 

A 

2N4221A 

-57 

2 

6 

-2 

2 

20 

5 

1.5 

6 

A 

2N4222 

-57 

5 

15 

-2 

2.5 

40 

5 

1.5 

6 

A 

2N4222A 

-57 

5 

15 

-2 

2.5 

40 

5 

1.5 

6 

A 

TO-92 



) 








2N3819 

-35 

2 

20 

-2 

5.7 

5.5 

2.2 

0.7 

10 

A 


P-CHANNEL GENERAL PURPOSE JFET AMPLIFIERS 


■ dss 


PART # 

V(BR)GSS 

(V) 

MIN 

MAX 

(mA) 

Igss 

(PA) 

9fs 

(mS) 

9 os 
(JJ-S) 

C|ss 

(pF) 

Crss 

(PF) 

(nV) 
@1 KHz 

OFF- 

SET 

SOT-23 











SST270 

45 

-2 

-15 

10 

15 

200 

20 

4 

20 


SST271 

45 

-6 

-50 

10 

18 

500 

20 

4 

20 

- 

TO-92 


> 









2N5460 

55 

-1 

-5 

3 

1 

75 

4.5 

1.2 

15 


2N5461 

55 

-2 

-9 

3 1 

.5 

75 

4.5 

1.2 

15 

- 

2N5462 

55 

-4 

-16 

3 

2 

75 

4.5 

1.2 

15 

- 

2N5463 

55 

-1 

-5 

3 

1 

75 

4.5 

1.2 

15 

- 

2N5464 

55 

-2 

-9 

3 1 

.5 

75 

4.5 

1.2 

15 

- 

2N5465 

55 

-4 

-16 

3 

2 

75 

4.5 

1.2 

15 

- 

J270 

45 

-2 

-15 

10 

15 

200 

20 

4 

20 

- 

J271 

45 

-6 

-50 

10 

18 

500 

20 

4 

20 

- 
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fOTSiliconix 

*MmW incorporated 


JFET 

ANALOG SWITCHES 



3-18 




Siliconix 

incorporated 


N-CHANNEL JFET ANALOG SWITCHES 





JTjf'Siliconix 

incorporated 


N-CHANNEL JFET ANALOG SWITCHES (Cont’d) 


PART # 

V(BR)GSS 

(V) 

v GS(off) 

MIN MAX 

(V) 

MIN 

>DSS 

MAX 

(mA) 

Id(off) 

(PA) 

rDS(ON) 

(fl) 

C| ss 

(pF) 

C r ss 

(PF) 

tON 

(ns) 

TO-206AC (TO-52) 









2N5432 

-32 

-4^ -10 

150 

_ 

10 

5 

20 

11 

2.5 

2N5433 

-32 

CD 

1 

CO 

1 

100 

- 

10 

7 

20 

11 

2.5 

2N5434 

-32 

-1 -4 

30 

- 

10 

10 

20 

11 

2.5 

U290 

-35 

i 

1 

O 

500 

- 

10 

31 

20 

20 

14 

U291 

-35 

-1.5 -4.5 

200 

- 

10 

71 

20 

20 

14 


TO-92 



2N5638 

-55 

- 

- 

50 

- 

5 

30 

7 

3 

4 

2N5639 

-55 

- 

- 

25 

- 

5 

60 

7 

3 

4 

2N5640 

-55 

- 

- 

5 

- 

5 

100 

7 

3 

4 

J105 

-35 

-4.5 

-10 

500 

- 

10 

31 

20 

20 

14 

J106 

-35 

-2 

-6 

200 

- 

10 

61 

20 

20 

14 

J107 

-35 

-0.5 

-4.5 

100 

- 

10 

81 

20 

20 

14 

J108 

-32 

-3 

-10 

80 

- 

20 

8 

60 

11 

4 

J109 

-32 

-2 

-6 

40 

- 

20 

12 

60 

11 

4 

J110 

-32 

-0.5 

-4 

10 

- 

20 

18 

60 

11 

4 

J110A 

-32 

-0.5 

-4 

10 

- 

20 

25 

60 

11 

4 

Jill 

-55 

-3 

-10 

20 

- 

5 

30 

7 

3 

4 

J 1 1 1 A 

-55 

-1 

-5 

5 

- 

5 

50 

7 

3 

4 

J112 

-55 

- 

-3 

2 

- 

5 

100 

7 

3 

4 

J112A 

-55 

-5 

-10 

30 

- 

5 

30 

7 

3 

4 

J113 

-55 

-2 

-7 

15 

- 

5 

50 

7 

3 

4 

J113A 

-55 

-1 

-5 

8 

- 

5 

80 

7 

3 

4 

PN4091 

-55 

-5 

-10 

30 

- 

5 

30 

13 

3.5 

4 

PN4092 

-55 

-2 

-7 

15 

- 

5 

50 

13 

3.5 

4 

PN4093 

-55 

-1 

-5 

8 

- 

5 

80 

13 

3.5 

4 

PN4391 

-55 

-4 

-10 

50 

150 

5 

30 

12 

3.5 

4 

PN4392 

-55 

-2 

-5 

25 

100 

5 

60 

12 

3.5 

4 

PN4393 

-55 

-0.5 

-3 

5 

60 

5 

100 

12 

3.5 

4 

U1897 

-55 

-5 

-10 

30 

- 

5 

30 

14 

3 

4 

U1898 

-55 

-2 

-7 

15 

- 

5 

50 

14 

3 

4 

U1899 

-55 

-1 

-5 

8 

- 

5 

80 

14 

3 

4 
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Siliconix 

incorporated 


P-CHANNEL JFET ANALOG SWITCHES 


v GS(off) IDSS 


V(BR)GSS MIN MAX MIN MAX Id(OFF) r DS(ON) Ciss C rss t 0 N 
PART # (V) (V) (mA) (pA) (fl) (pF) (pF) (ns) 


SOT-23 


SST174 

45 

5 

10 

-20 

-135 

-10 

85 

20 

5 

25 

SST175 

45 

3 

6 

-7 

-70 

-10 

125 

20 

5 

25 

SST176 

45 

1 

4 

-2 

-35 

-10 

250 

20 

5 

25 

SST177 

45 

0.8 

2.25 

-1.5 

-20 

-10 

300 

20 

5 

25 

SST5114 

45 

5 

10 

-30 

-90 

-5 

75 

20 

6 

16 

SST5115 

45 

3 

6 

-15 

-60 

-5 

100 

20 

6 

30 

SST5116 

45 

1 

4 

-5 

-25 

-5 

150 

20 

6 

60 


TO-18 




2N5114 

45 

5 

10 

-30 

-90 

-10 

75 

20 

6 

16 

2N5114J 

45 

5 

10 

-30 

-90 

-10 

75 

20 

6 

16 

2N5115 

45 

3 

6 

-15 

-60 

-10 

100 

20 

6 

30 

2N5115J 

45 

3 

6 

-15 

-60 

-10 

100 

20 

6 

30 

2N5116 

45 

1 

4 

-5 

-25 

-10 

150 

20 

6 

60 

2N5116J 

45 

1 

4 

-5 

-25 

-10 

175 

20 

6 

42 



TO- 



J174 

45 

5 

10 

-20 

-135 

-10 

85 

20 

5 

25 

J175 

45 

3 

6 

-7 

-70 

-10 

125 

20 

5 

25 

J176 

45 

1 

4 

-2 

-35 

-10 

250 

20 

5 

25 

J177 

45 

0.8 

2.25 

-1.5 

-20 

-10 

300 

20 

5 

25 

PI 086 

45 

- 

10 

-10 

- 

-10 

75 

20 

5 

25 

PI 087 

45 

- 

5 

-5 

- 

-10 

150 

20 

5 

25 
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fnrSiliconix 

Xf incorporated 


JFET 

CURRENT LIMITERS 


TIGHT CURRENT 




SIMPLE 2-LEAD 
DESIGN 
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fCT'Siliconix 

«JUP incorporated 

JFET CURRENT LIMITERS 


NOMINAL 

REGULATOR % Pov 

PART # CURRENT REGULATION MIN 



TO-18 


CR022 

0.22 

10 

100 

CR024 

0.24 

10 

100 

CR027 

0.27 

10 

100 

CR030 

0.3 

10 

100 

CR033 

0.33 

10 

100 

CR039 

0.39 

10 

100 

CR043 

0.43 

10 

100 

CR047 

0.47 

10 

100 

CR056 

0.56 

10 

100 

CR062 

0.62 

10 

100 

CR068 

0.68 

10 

100 

CR075 

0.75 

10 

100 

CR082 

0.82 

10 

100 

CR091 

0.91 

10 

100 

CR100 

1 

10 

100 

CR110 

1.1 

10 

100 

CR120 

1.2 

10 

100 

CR130 

1.3 

10 

100 

CR140 

1.4 

10 

100 

CR150 

1.5 

10 

100 

CR160 

1.6 

10 

100 

CR180 

1.8 

10 

100 

CR200 

2 

10 

100 

CR220 

2.2 

10 

100 

CR240 

2.4 

10 

100 

CR270 

2.7 

10 

100 

CR300 

3 

10 

100 

CR330 

3.3 

10 

100 

CR360 

3.6 

10 

100 

CR390 

3.9 

10 

100 

CR430 

4.3 

10 

100 

CR470 

4.7 

10 

100 

CR530 

5.3 

10 

100 

CRR0240 

0.24 

20 

100 

CRR0360 

0.36 

20 

100 

CRR0560 

0.56 

20 

100 

CRR0800 

0.8 

20 

100 

CRR1250 

1.25 

20 

100 

CRR1950 

1.95 

20 

100 

CRR2900 

2.9 

20 

100 

CRR4300 

4.3 

20 

100 


3 
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CT'Siliconix 

incorporated 


JFET CURRENT LIMITERS (Cont’d) 


NOMINAL 


REGULATOR % Pqv 


PART # 

CURRENT 

REGULATION 

MIN 

TO-92 




J500 

0.24 

20 

50 

J501 

0.33 

20 

50 

J502 

0.43 

20 

50 

J503 

0.56 

20 

50 

J504 

0.75 

20 

50 

J505 

1 

20 

50 

J506 

1.4 

20 

50 

J507 

1.8 

20 

50 

J508 

2.4 

20 

50 

J509 

3 

20 

50 

J510 

3.6 

20 

50 

J51 1 

4.7 

20 

50 

J552 

0.5 

- 

100 

J553 

0.5 

40 

50 

J554 

1 

40 

50 

J555 

2 

40 

50 

J556 

3 

40 

50 

J557 

4.5 

40 

50 
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Siliconix 

incorporated 


JFET 

DIODES 


HIGH VOLTAGE 
PROTECTION -7 



ULTRA LOW 
LEAKAGE 


3-25 



iliconix 

incorporated 


JFET LOW-LEAKAGE DIODES 


REVERSE 


BREAKDOWN 


PART # 

CURRENT 

VOLTA 

SOT-23 ^ 



SSTPAD5 

-5 

-35 

SSTPAD10 

-10 

-35 

SSTPAD20 

-20 

-35 

SSTPAD50 

-50 

-35 

SSTPAD100 

-100 

-35 

SSTPAD200 

-200 

-35 

SSTPAD500 

-500 

-35 


SO-8 



SSTDPAD5 

-5 

-30 

SSTDPAD10 

-10 

-30 

SSTDPAD20 

-20 

-30 

SSTDPAD50 

-50 

-30 

SSTDPAD100 

-100 

-30 

TO-18 

& 


PAD1 

-1 

-45 

PAD2 

-2 

-45 

PAD5 

-5 

-45 

PAD 10 

-10 

-35 

PAD20 

-20 

-35 

PAD50 

-50 

-35 

PAD 100 

-100 

-35 


TO-78 


DPAD1 



-45 
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JFET LOW-LEAKAGE DIODES (Cont’d) 


REVERSE 

BREAKDOWN 

PART # 

CURRENT 

VOLTAGE 

TO-71 



DPAD2 

-2 

-45 

DPAD5 

-5 

-45 

DPAD10 

-10 

-35 

DPAD20 

-20 

-35 

DPAD50 

-50 

-35 

DPAD100 

-100 

-35 


TO-92 ^ 



JPAD5 

-5 

-35 

JPAD10 

-10 

-35 

JPAD20 

-20 

-35 

JPAD50 

-50 

-35 

JPAD100 

-100 

-35 

JPAD200 

-200 

-35 

JPAD500 

-500 

-35 
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CT'Siliconix 

JLM incorporated 


JFET VOLTAGE 
CONTROLLED RESISTORS 



3-28 





JFET VOLTAGE CONTROLLED RESISTORS 


fDS(ON) V GS(off) IGSS CdG 

PART # MIN MAX MIN (pA) 



N-CHANNEL JFET 


VCR2N 

20 

60 

-1 

-5 

7.5 

VCR4N 

200 

600 

-3.5 

-0.2 

3 

VCR7N 

4000 

8000 

-2.5 

-0.1 

1.5 

P-CHANNEL JFET 

VCR3P 

70 

200 

1 

20 

25 
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Siliconix 

incorporated 


JFET 

SPECIALTY PRODUCTS 



2N6908 MONOLITHIC JFET CIRCUIT 
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'Siliconix 

incDrparatEd 


N-CHANNEL JFET (with diode protected input) 


PART # 

VGS(off) 

MAX 

V(BR)GSS 

(V) 

9 fs 

(nS) 

Igss 

MAX 

(PA) 

C|ss 

(pF) 

e n 
n V/ 

VHz 

TO-72 

c 







2N6908 

-1.8 

-30 

100 

-25 

5 

25 

2N6909 

-2.3 

-30 

400 

-25 

5 

25 

2N6910 

-3.5 

-30 

1200 

-25 

5 

25 

SOT-143 







SST6908 

-1.8 

-30 

100 

-25 

5 

25 

SST6909 

-2.3 

-30 

400 

-25 

5 

25 

SST6910 

-3.5 

-30 

1200 

-25 

5 

25 


JFET QUAD RING DOUBLE BALANCED MIXER 



V350 


-25 


90 


7 
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fSTSiliconix 

^MJSf incarparated 

N-CHANNEL ENHANCEMENT-MODE LATERAL DMOS 



V (BR)DS 

rDS(ON) 

VGS(th) 

c rss 

tON 

PART # 

(V) 

(ft) 

(V) 

(pF) 

(ns) 


16-PIN CERAMIC DIP 



2N7116 

20 

70 

2 

0.5 

2 

2N7117 

10 

70 

2 

0.5 

2 

2N7118 

15 

70 

2 

0.5 

2 

SD5000I 

10 

70 

2 

0.5 

2 

SD5001I 

20 

70 

2 

0.5 

2 

SD5002I 

15 

70 

2 

0.5 

2 


16-PIN PLASTIC DIP 



SD5000N 

20 

70 v 

2 

0.5 

2 

SD5001N 

15 

70 

2 

0.5 

2 

SD5002N 

10 

70 

2 

0.5 

2 


SOT-143 



SST211 

10 


50 

2 

0.5 

2 

SST213 

10 


50 

2 

0.5 

2 

SST215 

20 


50 

2 

0.5 

2 

SO-14 


w 





SD5400CY 

20 


70 

2 

0.5 

2 

SD5401CY 

10 


70 

2 

0.5 

2 

SD5402CY 

15 


70 

2 

0.5 

2 



TO-72 


2N7104 

20 

70 

2 

0.5 

2 

2N7105 

10 

70 

2 

0.5 

2 

2N7106 

10 

70 

2 

0.5 

2 

2N7107 

10 

70 

2 

0.5 

2 

2N7108 

15 

70 

2 

0.5 

2 

2N7109 

20 

70 

2 

0.5 

2 

SD210DE 

20 

45 

2 

0.5 

2 

SD211DE 

10 

45 

2 

0.5 

2 

SD212DE 

10 

45 

2 

0.5 

2 



3-33 








N-CHANNEL ENHANCEMENT-MODE LATERAL DMOS (Cont’d) 


PART # 

V(BR)DS 

(V) 

r DS(ON) 

(ft) 

v GS(th) 

(V) 

C r ss 

(pF) 

toN 

(ns) 

TO-72 (Cont’d) ^ 

& 




SD213DE 

10 

45 

2 

0.5 

2 

SD214DE 

15 

45 

2 

0.5 

2 

SD215DE 

20 

45 

2 

0.5 

2 

DOUBLE BALANCED MIXER 





V (BR)DS l"DS(ON) V G S(th) C rS s toN 

PART # (V) (ft) (V) (pF) (ns) 


TO-78 

Si8901 A 15 75 2 

SO-14 

Si8901 CY 1 


N-CHANNEL DEPLETION-MODE LATERAL DMOS 



V(BR)DS 

f DS(ON) 

VGS(th) 

Crss 

tON 

PART # 

(V) 

(ft) 

(V) 

(pF) 

(ns) 


TO-72 

SD2100 25 200 -2 2.5 2 


SOT-143 

SST2100 25 200 -2 2.5 2 
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Siliconix 

incorporated 
N-CHANNEL GEOMETRIES 


LOW POWER MOS 


On-Resistance vs. Drain-Source Breakdown Voltage 



r DS(ON) ('fL) 



Drain-Source Breakdown Voltage vs. Geometry 



GEOMETRY 
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LOW POWER MOS 


ATSiEconix 

M m incorporated 


N-CHANNEL GEOMETRIES 


Gate-Source Threshold Voltage vs. Geometry 


10 


V GS(TH) 

(V] 1 


0.1 

VNDP06 VNDQ20 VNDV40 VNDQ12 VNDB24 VNDQ03 VNDQ09 VNDQ06 VNDN24 VNDS06 VNDV50 



GEOMETRY 


Capacitance vs. Geometry 


C 

(PF) 


1 K 



@ V DS = 25 V, V GS = 0 V 



VNDO50 VNDN24 VNDS06 VNDQ20 VNDP06 VNDQ12 VNDQ09 VNDQ06 VNDQ03 VNDV40 VNDB24 


GEOMETRY 


t 

(ns) 


Typical Switching Time vs. Geometry 



VNDS06 VNDQ09 VNDP06 VNDQ06 VNDQ12 VNDQ03 VNDN24 VNDQ20 VNDB24 VNDV40 VNDO50 


GEOMETRY 
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H15?S5fe LOW POWER MOS 

N-CHANNEL GEOMETRIES ~ 


Maximum Drain Current vs. Geometry 



VNDO50 VNDN24 VNDQ20 VNDS06 VNDP06 VNDV40 VNDQ12 VNDQ09 VNDQ06 VNDQ03 VNDB24 

GEOMETRY 
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LOW POWER MOS 


fOTSiliconix 

M m incorporated 


P-CHANNEL GEOMETRIES 


-1 K 


MBR)DSS 
(V) -100 


0.1 


On-Resistance vs. Drain-Source Breakdown Voltage 



















VPDV24 

• 



VP 

• 

DQ20 



VPDVTO 








• — VPDS06 " 


MRA 


VPMH03 









All r DS (a) i D = -u.i mA except 

VPnsnR Co) -25 mA- MRA (a) -0 1 mA 

1 1 1 1 1 1 II 

1 i I I 1 1 ii 

i 1 1 1 ii 

1 i i i 1 1 ii 


10 

r DS(ON) (^) 


100 


1 K 


V GS(TH) 

(V) 



r DS(ON) (&) 
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fTSiEoanix 

JLM incorporated 


P-CHANNEL GEOMETRIES 


LOW POWER MOS 


Gate-Source Threshold Voltage vs. Geometry 


Vgs(TH) @ -10 JiA 


VPDS06 

VPDQ20 

VPDV24 VPDV10 

GEOMETRY 

VPMH03 



Capacitance vs. Geometry 



vPDS06 VPDQ20 VPDV24 

GEOMETRY 


Typical Switching Time vs. Geometry 


*OFF — 






Ion Z 







VPMH03 

VPDS06 

VPDQ20 

VPDV10 

VPDV24 



GEOMETRY 














LOW POWER MOS 


CX'Siliconix 

M m incorporated 


P-CHANNEL GEOMETRIES 



MRA VPDS06 VPDQ20 VPDV24 VPDV10 VPMH03 

GEOMETRY 
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CZ'Siliconix 

JLMr incorporated 


N-CHANNEL 


PART # 


V(BR)DS r DS(ON) v GS(th) toN 

(V) (XI) (V) (ns) 


(pF) 


Id 

(mA) 


PD 


14-PIN CERAMIC (P) & PLASTIC (J) 


TO-205AD (TO-39) 





VQ1001J 

30 

1 

2.5 

30 

38 

0.85 

2 

VQ1001P 

30 

1 

2.5 

30 

38 

0.85 

2 

VQ1004P 

60 

3.5 

2.5 

10 

35 

0.46 

2 

VQ1004J 

60 

3.5 

2.5 

10 

35 

0.46 

2 

VQ1000J 

60 

5.5 

2.5 

10 

16 

0.23 

2 

VQ1000P 

60 

5.5 

2.5 

10 

16 

0.23 

2 

VQ1006P 

90 

4.5 

2.5 

10 

35 

0.40 

2 

VQ1006J 

90 

4.5 

2.5 

10 

35 

0.40 

2 

SOT-23 








VN0603T 

60 

4 

3.0 

15 

16 

0.22 

0.36 

VN0605T 

60 

5 

3.0 

20 

16 

0.18 

0.36 

2N7002 

60 

8 

2.5 

20 

16 

0.12 

0.2 

2N7001 

240 

45 

2.5 

30 

15 

0.05 

0.2 

VN45350T 

450 

350 

4.5 

25 

5 

0.02 

0.35 

VN50300T 

500 

300 

_ 4.5 

20 

5 

0.02 

0.35 


VN0300B 

30 

1.2 

2.5 

30 

38 

1.51 

5 

2N6659 

35 

1.8 

2.0 

10 

38 

1.40 

6.25 

2N6660JANTX 

60 

3 

2.0 

10 

30 

0.99 

6.25 

2N6660 

60 

3 

2.0 

10 

38 

1.10 

6.25 

VN67AB 

60 

3.5 

2.5 

15 

35 

0.79 

5 

2N6661 JANTX 

90 

4 

2.0 

10 

30 

0.86 

6.25 

2N6661 

90 

4 

2.0 

10 

35 

0.90 

6.25 

VN90AB 

90 

5 

2.0 

10 

35 

0.67 

5 

VN1206B 

120 

6 

2.0 

16 

35 

0.22 

5 

VN1706B 

170 

6 

2.0 

16 

105 

0.63 

6.25 

VN2406B 

240 

6 

2.0 

16 

110 

0.63 

6.25 

VN4012B 

400 

12 

1.8 

40 

80 

0.42 

0.8 


TO-206AC (TO-52) 


VN10LE 

VN10KE 


60 

60 



2.5 

2.5 


10 

10 


16 

38 


0.38 

0.17 


1.5 

0.3 
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iliconix 

incorporated 


N-CHANNEL (Cont’d) 


PART # 

V(BR)DS 

(V) 

tds(on) 

(ft) 

VGS(th) 

(V) 

J! 

Ciss 

(PF) 

Id 

(mA) 

PD 

TO-220/TO 

■220SD 







VN46AFD 

40 

3 

2.5 

15 

35 

1.46 

15 

VN40AFD 

40 

5 

2.5 

15 

35 

1.14 

15 

VN66AD 

60 

3 

2.5 

15 

35 

1.70 

20 

VN66AFD 

60 

3 

2.5 

15 

35 

1.46 

15 

VN67AD 

60 

3.5 

2.5 

15 

35 

1.58 

20 

VN67AFD 

60 

3.5 

2.5 

15 

35 

1.37 

15 

VN88AD 

80 

4 

2.5 

15 

35 

1.49 

20 

VN88AFD 

80 

4 

2.5 

15 

35 

1.29 

15 

VN1206D 

120 

6 

2.0 

16 

35 

0.33 

20 

VN1706D 

170 

6 

2.0 

16 

105 

1.12 

20 

VN2406D 

240 

6 

2.0 

16 

110 

1.12 

20 

TO-237 


i» 






VN0300M 

30 

1.2 

2.5 

30 

38 

0.67 

1 

VN10KM 

60 

5 

2.5 

10 

38 

0.31 

1 

VN10LM 

60 

5 

2.5 

10 

16 

0.32 

1 

VN2222LM 

60 

7.5 

2.5 

10 

16 

0.26 

1 

VN2222KM 

60 

7.5 

2.5 

10 

38 

0.25 

1 

VN0808M 

80 

4 

2.0 

10 

35 

0.33 

1 

VN1206M 

120 

6 

2.0 

16 

35 

0.26 

1 

VN1210M 

120 

10 

2.0 

16 

35 

0.20 

1 

VN1706M 

170 

6 

2.0 

16 

105 

0.25 

1 

VN1710M 

170 

10 

2.0 

16 

110 

0.19 

1 

VN2406M 

240 

6 

2.0 

16 

110 

0.25 

1 

VN2410M 

240 

10 

2.0 

16 

110 

0.19 

1 

TO-92 








VN0300L 

30 

1.2 

2.5 

30 

38 

0.64 

0.8 

VN0603L 

60 

3.5 

3.0 

15 

16 

0.30 

0.8 

2N7000 

60 

5 

3.0 

10 

16 

0.20 

0.4 

VN0610L 

60 

5 

2.5 

10 

38 

0.27 

0.8 

BS170 

60 

5 

3.0 

10 

16 

0.50 

0.83 

VN0610LL 

60 

5 

2.5 

10 

16 

0.28 

0.8 

VN2222LL 

60 

7.5 

2.5 

10 

16 

0.23 

0.8 

2N7008 

60 

7.5 

2.5 

20 

16 

0.15 

0.4 

VN2222L 

60 

7.5 

2.5 

10 

38 

0.23 

0.8 

VN0808L 

80 

4 

2.0 

10 

35 

0.30 

0.8 
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fqrSiliconix 

JLr incorporated 


N-CHANNEL (Cont’d) 


V (BR)DS r DS(ON) V GS(th) toN C iss <D PD 

PART # (V) (fl) (V) (ns) (pF) (mA) 


TO-92 (Cont’d) 


VN1206L 

120 

6 

2.0 

16 

35 

0.23 

0.8 

VN1210L 

120 

10 

2.0 

16 

35 

0.18 

0.8 

VN1706L 

170 

6 

2.0 

16 

105 

0.22 

0.8 

VN1710L 

170 

10 

2.0 

16 

110 

0.17 

0.8 

BSS89 

200 

6 

2.8 

80 

105 

0.30 

1 

VN2010L 

200 

10 

1.8 

20 

35 

0.19 

0.8 

VN2020L 

200 

20 

2.0 

20 

35 

0.08 

0.8 

BS107 

200 

28 

3.0 

- 

35 

0.12 

0.5 

VN2406L 

240 

6 

2.0 

16 

110 

0.22 

0.8 

VN2410L 

240 

10 

2.0 

16 

110 

0.17 

0.8 

2N7007 

240 

45 

2.5 

30 

15 

0.07 

0.4 

VN3515L 

350 

15 

1.8 

40 

80 

0.15 

0.8 

VN4012L 

400 

12 

1.8 

40 

80 

0.16 

5 

VN45350L 

450 

350 

4.5 

25 

5 

0.03 

0.8 

VN50300L 

500 

300 

4.5 

20 

5 

0.03 

0.8 


P-CHANNEL 




14-PIN CERAMIC (P) & PLASTIC (J) 


VQ2001J 

-30 

2 

-4.5 

30 

130 

-0.60 

2.00 

VQ2001P 

-30 

2 

-4.5 

30 

130 

-0.60 

2.00 

VQ2000J 

-60 

10 

-3.0 

35 

15 

-0.24 

2.00 

VQ2000P 

-60 

10 

-3.0 

35 

15 

-0.24 

2.00 

VQ2004P 

-60 

5 

-4.5 

55 

75 

-0.41 

2.00 

VQ2004J 

-60 

5 

-4.5 

55 

75 

-0.41 

2.00 

VQ2006P 

-90 

5 

-4.5 

55 

75 

-0.41 

2.00 

VQ2006J 

-90 

5 

-4.5 

55 

75 

-0.41 

2.00 


SOT-23 



TP0610T 

-60 

10 

-2.4 

25 

15 

-0.12 

0.36 

VP0610T 

-60 

10 

-3.5 

25 

15 

-0.12 

0.36 
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CTSiconix 

JLJ& incorporated 




V (BR)DS 

rDS(ON) 

VGS(th) 

tON 

Ciss 

1 D 

PD 

PART # 

(V) 

(Cl) 

(V) 

(ns) 

(PF) 

(mA) 




TO-205AD (TO-39) 


VP0300B 

-30 

2.5 

-4.5 

30 

130 

-1.25 

6.25 

VP0808B 

-80 

5 

-4.5 

55 

75 

-0.88 

6.25 

VP1008B 

-100 

5 

-4.5 

55 

75 

-0.79 

6.25 

VP2410B 

-240 

10 

-2.5 

45 

65 

-0.17 

0.73 



TO-237 



VP0300M 

-30 

2.5 

-4.5 

30 

130 

-0.50 

1.00 

VP0808M 

-80 

5 

-4.5 

55 

75 

-0.31 

1.00 

VP1008M 

-100 

5 

-4.5 

55 

75 

-0.31 

1.00 



TO-92 


VP0300L 

-30 

2.5 

-4.5 

30 

130 

-0.32 

0.80 

BS250 

-45 

14 

-3.5 

10 

15 

-0.18 

0.83 

VP0610L 

-60 

10 

-3.5 

25 

15 

-0.18 

0.80 

TP0610L 

-60 

10 

-2.4 

25 

15 

-0.18 

0.80 

VP0808L 

-80 

5 

-4.5 

55 

75 

-0.28 

0.80 

VP1008L 

-100 

5 

-4.5 

55 

75 

-0.28 

0.80 

BSS92 

-200 

20 

-2.8 

14 

30 

-0.15 

1.00 

VP2020L 

-200 

20 

-2.5 

25 

30 

-0.12 

0.80 

BS208 

-200 

14 

- 

14 

70 

-0.20 

0.83 

VP2410L 

-240 

10 

-2.5 

45 

65 

-0.18 

0.80 

TO-18 








MFE823 

-25 

180 

-6 

2.4 


-0.03 

0.375 


TO-72 



3N164 -30 300 -5 36 2.4 -0.05 0.375 

3N163 -40 250 -5 36 2.4 -0.05 0.375 
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CZ'Siliconix 

M m incorporated 


N- & P-CHANNEL QUADS 


V(BR)DS r DS(ON) Vos(th) toN c iss >D PD 

PART # (V) (fl) (V) (ns) (pF) (mA) 


14-PIN CERAMIC (P) & PLASTIC (J) 


VQ7254J ±20 3 

VQ7254P +20 3 

VQ3001J +30 1/2 

VQ3001P +30 1/2 



- 

20 

85 

+2 

1.75 

- 

20 

85 

+2 

1.75 

-4.5 

30 

85 

- 

2.00 

-4.5 

30 

85 

- 

2.00 


N-CHANNEL DEPLETION-MODE MOS 


TO-205AD (TO-39) 



ND2406B 

ND2410B 

TO-206AC 


ND2012E 

ND2020E 

TO-92 



-4.5 

-2.5 


-4.0 

-2.5 


90 70 0.57 5.00 

90 70 0.46 5.00 


40 35 0.22 1.50 

40 35 0.18 1.50 


ND2012L 

200 

12 

-4.0 

40 

35 

0.16 

0.80 

ND2020L 

200 

20 

-2.5 

40 

35 

0.13 

0.80 

BSS129 

230 

20 

- 

90 

70 

0.15 

1.00 

ND2406L 

240 

6 

-4.5 

90 

70 

0.23 

0.80 

ND2410L 

240 

10 

-2.5 

90 

70 

0.18 

0.80 
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CX'Siliconix 

JLM incorporated 


JFETS 


INTRODUCTION 


Although junction field-effect transistors have existed for decades, the additional performance 
that can presently be achieved through their use is undeniable. Even in today’s highly integrated 
world and despite numerous attempts, successful integration of the JFET has proven in- 
consistent at best. New markets and applications continue to open as designer’s demand higher 
performance from their systems -- the JFET is definitely here to stay! 

In addition to enhancing performance, the JFET is also often used as a versatile “problem- 
solver” to improve systems without compromising their key requirements. The inherent JFET 
characteristics--low-noise, low leakage, high-gain, and fast switching all contribute significantly 
to system speed. Let’s now take a closer look at these benefits. 

Unlike the bipolar transistor, which requires a base-drive current, a field-effect transistor is oper- 
ated by the application of a gate voltage . Thus, while the bipolar transistor exhibits low input 
impedance, the JFET offers just the opposite — a very high impedance gate! 

The high-impedance nature of a JFET offers superb low-leakage qualities -- often specified in the 
low picoamp range. When this is coupled with good frequency response, JFETs ensure minimal 
circuit loading for such sensitive applications as sample-and-hold circuits and input devices for 
operational amplifiers. 

An additional and fundamental advantage of the JFET is its extraordinarily low noise at 1/f 
frequencies — so low that in comparative studies with bipolar transistors the JFET is considered 
noiseless! This advantage is most obvious in applications involving high source impedances, 
such as those needed for low-noise electret and capacitor microphone amplifier circuits. 

Yes, JFETs are important problem solvers used to enhance the performance of a wide range of 
applications. 

For additional technical assistance see section 9 for application notes. “An Introduction To 
FETs” (LPD-1) and “JFET Characteristics” (LPD-2) are especially useful reading for first-time 
JFET designers. 

When the performance of your system is at stake, we’re confident you’ll turn to JFETs. When it 
comes to performance in manufacturing JFETs, the only place to turn is Siliconix - the 
undisputed market leader. We offer the most standard part types, packaging options, and 
complete military processing per MIL-S-19500. We look forward to supplying JFETs for your next 
demanding design. 
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2N3819 


fpTSiliconix 

JLM incorporated 


N-Channel JFET 


The 2N3819 is a low-cost, all purpose JFET which 
offers good performance at mid-to-high frequen- 
cies. If features low noise and leakage and 
guarantees high gain at 100 MHz. Its TO-92 
package is fully compatible with various tape and 
reel options for automated assembly. (See Section 
8 .) 

For additional design information please see 
performance curves NH and NRL, which are located 
in Section 7. 

SIMILAR PRODUCTS 

• TO-72, See 2N4416 

• SOT-23, See SST4416 

• Chips, Order 2N3819CHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V (BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

1 DSS 
MAX 
(nnA) 

2N3819 

-8 

-25 

2 

20 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 


-25 

■ 

Gate-Source Voltage 

■ 

-25 

Gate Current 

• g 

10 


Power Dissipation 

Pd 

200 

mW 

Power Derating 


2 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 125 

i 

Storage Temperature 

Tstg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

T L 

300 
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Siliconix 

incorporated 


2N3819 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


SYMBOL 


TEST CONDITIONS 


STATIC 


Gate-Source 

Breakdown Voltage 

V (BR)GSS 

l G = -1 JlA. V DS = 0V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

Vds = 15 V, l D = 2 nA 

Saturation Drain 

Current 3 

•dss 

V DS = 15 V, V GS = 0 V 

Gate Reverse Current 

•gss 

Vgs = -15 V 

v DS = o v T a = 100°C 

Gate Operating 

Current 

■g 

V DG = 1 0 V, 1 D = 1 mA 

Drain Cutoff Current 

!d(OFF) 

V DS = 10 V, V GS = -8 V 

Drain-Source 

On-Resistance 

r DS(ON) 

Vqs = 0 V , 1 D = 1 mA 

Gate-Source Voltage 

V GS 

V DS = 15 V, l D = 200 jjlA 

Gate-Source 

Forward Voltage 

V GS(f) 

l G =1 mA, V DS = 0 V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

Qfs 

Vqs = 15 V, V GS = 0 V 
f = 1 kHz 

V DS = 15 V, V GS = 0 V 
f = 100 MHz 

Common-Source 

Output Conductance 

9os 

V DS = 15 V, V G s = 0 V i 

f = 1 kHz 

Common-Source 

Input Capacitance 

C iss 

V DS = 15 V, V GS = 0 V 

f = 1 MHz 

Common-Source 

Reverse Transfer 
Capacitance 

^rss 

Equivalent Input 

Noise Voltage 

e n 

V DS = 10 V, V GS = 0 V 
f = 100 Hz 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jis , duty cycle £2%. 









































2N3956 SERIES 


CX'Siliconix 

M m incorporated 


N-Channel JFET Pairs 


The 2N3956 Series are monolithic JFET pairs 
designed for high performance differential 
amplification. This series features tight matching, 
low gate leakage for accuracy, and wide dynamic 
range as I g is guaranteed at Vqs = 20 V. Its TO-71 
package is hermetically sealed and is available with 
full military processing. (See Section 1.) 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• g 

MAX 

(PA) 

|VgSi “ V GS 2 | 
MAX 
(mV) 

2N3956 

-50 

1 

-50 

15 

2N3957 

, -50 

1 

-50 

20 

2N3958 

-50 

1 

-50 

25 


For additional design information please see 
performance curves NQP, which are located in 
Section 7. 

TO-71 BOTTOM VIEW 



SIMILAR PRODUCTS 




1 

SOURCE 1 



2 

DRAIN 1 

• 

Low Noise, See U401 Series 

3 

4 

GATE 1 
SOURCE 2 

• 

Low Leakage, See U421 Series 

5 

DRAIN 2 

• 

High Gain, See 2N5911 Series 

6 

GATE 2 

• 

Chips, Order 2N395XCHP 




ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-50 

V 

Gate-Source Voltage 

Vgs 

-50 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation 

Per Side 

Pd 

250 

mW 

Total 

500 

Power Derating 

Per Side 


2.86 

mW/°C 

Total 

4.3 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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.BISSSSS 2N3956 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N3956 

2N3957 

2N3958 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 JlA, V DS = 0 V 

-57 





-50 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, 1 D = 1 nA 

-2 

-1 

-4.5 

-1 

29 

-1 

-4.5 

Saturation Drain 
Current 

■dss 

V DS = 20 V, V GS = 0 V 

3 


5 


B 

0.5 

5 

mA 

Gate Reverse 

Current 

•gss 

V GS = -30 V 


-10 


-100 




-100 

BH 

V DS = 0 V 

T A = 1 50°C 

-20 


-500 




-500 

1 

Gate Operating 
Current 

•g 

V DS = 20 V 


-5 


-50 




-50 

El 

l D = 200 JJLA 

T a = 125°C 

-0.8 


-250 




-250 


Gate-Source Voltage 

V GS 

V DS = 20 V, l D = 50 JlA 

-1.7 


n 


-4.2 


-4.2 

i 

V DS = 20 V, l D = 200 JlA 

-1.5 

-0.5 

-4 

-0.5 

-4 

-0.5 

-4 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 


2 


B 


2 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

0fs 

V DS = 20 V, V GS = 0 V 
f = 1 kHz 


1 


1 

3 

1 

3 

mS 

V DS = 20 V, V GS = 0 V 
f = 200 MHz 

2 

1 


1 


1 


Common-Source 
Output Conductance 

9os 

V DS = 20 V, V GS = 0 V 
f = 1 kHz 

7 


35 


35 



JlS 

Drain-Gate 

Capacitance 

^dgo 

V DG = 10 V, l s = 0 mA 
f = 1 MHz 

1 




1.5 



PF 

Common-Source 

Input Capacitance 

^iss 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 

3 


D 


4 


4 


Crss 

1 


B 


1.2 



Equivalent Input 

Noise Voltage 

®n 

V DG = 10 V, l D = 200 JlA 
f = 1 kHz 



■ 





n y 

fa 

Noise Figure 

NF 

V DS = 20 V, V GS = 0 V 
f = 100 Hz, R g = 10 MTL 

<0.1 


0.5 


0.5 



dB 

MATCHING 

Differential 
Gate-Source Voltage 


V DS = 20 V, l D = 200 JlA 

10 


15 


20 




Gate-Source Voltage 
Differential Change 
with Temperature 

HH 

V DS = 20 V 
l D = 200 JlA 

T = -55 to 25°C 

25 


Ei 


75 



M 


T = 25 to 125°C 

25 







Saturation 

Drain Current Ratio 

bssi 

( DSS2 

V DS = 20 V, V GS = 0 V 

0.97 


n 

0.9 

1 


1 


T ransconductance 
Ratio 

9fsl 

9 fs2 

V DS = 20 V, l D = 200 JAA 
f = 1 kHz 

0.97 


a 

0.9 

1 

Q 

1 


Differential 

Gate Current 

| 1 G1 “ 1 G2 | 

V DS = 20 V, l D = 200 JlA 

T A = 125°C 

0.2 


10 


10 





NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jis , duty cycle £3%. 














































































2N4091 SERIES - JANTX, JANTXV SE'jS 

N-Channel JFET 


The 2N4091 Series is an all-purpose JFET analog 
switch which offers low on-resistance, good 
isolation and very fast switching. Its JAN, JANTX, 
and JANTXV certification make this device a perfect 
choice for military designs, as qualified devices can 
be purchased without cumbersome source-control 
documentation. 

For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(f» 

•d(OFF) 

MAX 

(PA) 

||| 

2N4091 

-10 

30 

200 

25 

2N4092 

-7 

50 

200 

35 

2N4093 

-5 

80 

200 

60 


TO-18 BOTTOM VIEW 


SIMILAR PRODUCTS 


• TO-92, See PN4091 Series 

• SOT-23, See SST4091 Series 

• Duals, See 2N5564 Series 

• Chips, Order 2N409XCHP 



1 SOURCE 

2 DRAIN 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

■ 

Gate-Source Voltage 


-40 

Gate Current 

Ig 

10 


Power Dissipation (Case 25°C) 

Pd 

1800 


Power Derating 


10 

mg 

Operating Junction Temperature 

Tj 

-55 to 200 

■ 

Storage Temperature 


-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N4091 SERIES - JANTX, JANTXV 



4 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjlS , duty cycled 3%. 

4. This parameter not registered with JEDEC. 
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2N4117 SERIES 


CX'Siliconix 

incorporated 


N-Channel JFET 


The 2N4117 and 2N4117A Series are n-channel 
JFETs designed to provide ultra-high input 
impedance. The 2N4117 features Igss of 10 pA 
maximum while the 2N4117A Series is specified 
with a 1 pA limit and typically operates at 0.2 pA. 
These devices, therefore, make perfect choices for 
use as sensitive front-end amplifiers in applications 
such as microphones, smoke detectors, and 
precision test equipment. Additionally, its 
hermetically sealed TO-72 package allows full 
military processing per MIL-S-19500. (See 
Section 1 .) 

For additional design information please consult 
performance curves NT which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-92, See PN4117 Series 

• SOT-23, See SST4117 Series 

• Dual, See U421 Series 

• Chips, Order 2N411XCHP 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

1 G 

50 

mA 

Power Dissipation 

Pd 

300 

mW 

Power Derating 


2 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 175 

°C 

Storage Temperature 

Tstg 

-65 to 175 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

255 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(|XS) 

• dss 
MAX 
(mA) 

2N4117 

-1.8 

-40 

70 

0.09 

2N4118 

-3 

-40 

80 

0.24 

2N4119 

-6 

-40 

100 

0.60 

2N4117A 

-1.8 

-40 

70 

0.09 

2N4118A 

-3 

-40 

80 

0.24 

2N4119A 

-6 

-40 

100 

0.60 


TO-72 BOTTOM VIEW 


1 SOURCE 

2 DRAIN 

3 GATE 

4 CASE 
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2N41 1 7 SERIES 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N4117 

2N4118 

2N4119 

UNIT 



MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 J-LA, V ds = 0 V 

-70 

-40 




-40 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = 1 nA 


-0.6 

-1.8 

B 

B 

-2 

-6 

Saturation Drain 
Current 3 

■dss 

V DS = 10 V, V GS = 0 V 


0.03 

0.09 

0.08 

0.24 

0.2 

0.6 

mA 

Gate Reverse Current 

'gss 

V GS = -20 V 



-10 




-10 

m 

V DS = UV T a = 150°C 

mm 


-25 




-25 


Gate Operating 
Current 

■g 

V DG = 15 V, l D = 30 JJ.A 

-0.2 







PA 

Drain Cutoff Current 

•d(OFF) 

V DS = 10 V, Vqs =-8V 

0.2 







Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

v DS = 10 V, v GS = 0 V 


70 

210 

80 

250 

100 

330 

B 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 

■ 


3 


B 


10 

Common-Source 

Input Capacitance 

C iss 

V DS = 10 v, V GS = 0 V 
f = 1 MHz 

B 




3 


3 

i 

Common-Source 
Reverse Transfer 
Capacitance 

Q-ss 





1.5 



Equivalent Input 

Noise Voltage 

®n 

v DS = 10 V, v GS = 0 V 
f = 1 kHz 

15 


_ 





M 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300iiS, duty cycle £3%. 
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2N41 1 7 SERIES J7S5& 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N4117A 

2N4118A 

2N4119A 

UNIT 

MIN 

MAX 



MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 JJLA, V DS = 0 V 




-40 


-40 


V 

Gate-Source 

Cutoff Voltage 


V DS = 10 V, 1 D = 1 nA 




b 

-3 

B 

B 

Saturation Drain 
Current 3 

I 

V DS = 10 V, V GS = 0 V 


0.015 

0.09 

0.08 

0.24 

0.2 

0.6 

mA 

Gate Reverse Current 

*GSS 

V GS = -20 V 

BH 


-1 


-1 


-1 

pA 

V DS = UV T A = 1 50°C 





ES3 


KHH 

nA 

Gate Operating 
Current 

n 

V DG = 15 V, l D = 30iiA 

-0.2 







PA 

Drain Cutoff Current 

•d(OFF) 

V DS = 10 V, Vq S = -8 V 

0.2 







Gate-Source 

Forward Voltage 

v gs(F) 

bbbhb 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9f S 

v DS = 10 V, V GS = 0 V 


70 

210 

80 

250 

100 

330 

iiS 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 



3 


5 


10 

Common-Source 

Input Capacitance 

^iss 

V DS = 10 v, V GS = 0 V 
f = 1 MHz 

B 


B 


3 


B 

1 

Common-Source 
Reverse Transfer 
Capacitance 

m 



b 


1.5 



Equivalent Input 

Noise Voltage 

e n 

> 

o 

II 

CO 

> T " 
o 

II 

CO 

Q 

> 

15 






□ 

M 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjlS , duty cycle £3%. 
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CX'Siliconix 

JLW incorporated 


2N4220 SERIES 


N-Channel JFETs 


The 2N4220 Series of multi-purpose JFETs is 
designed for a wide range of applications. It 
features extremely low gate leakage and 
capacitance, and when coupled with its high gain, 
the 2N4220 Series will make a perfect broad band 
amplifier. The 2N4220A Series features a 
guaranteed noise figure of 2.5 dB. For military 
designs, this series is available with full high-rel 
processing. (See Section 1.) 

For further design information please consult the 
typical performance curves NRL which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-92, See J201 Series 

• SOT-23, See SST201 Series 
© Chips, Order 2N422XCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• dss 
MAX 
(mA) 

2N4220 

-4 

-30 

1 

3 

2N4221 

-6 

-30 

2 

6 

2N4222 

-8 

-30 

2.5 

15 

2N4220A 

-4 

-30 

1 

3 

2N4221A 

-6 

-30 

2 

6 

2N4222A 

-8 

-30 

2.5 

15 


TO-72 BOTTOM VIEW 



2 SOURCE 


3 GATE 

4 CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 


-30 

V 

Gate-Source Voltage 


-30 

Gate Current 

• g 

10 

mA 

Drain Current 

Id 

15 

Power Dissipation 

Pd 

300 

mW 

Power Derating 


2 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 1 75 

1 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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2N4220 SERIES .OTSgSfi 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 






2N4220 

2N4221 

2N4222 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 



UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -10AA, V DS = 0 V 

-57 

-30 


-30 

■ 



H 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D 

= 0.1 nA 



-4 


D 


B 

H 

Saturation Drain 
Current 3 

•dss 

V DS = 15 V, V GS = 0 V 



3 

2 

6 


B 

mA 

Gate Reverse Current 


V GS = -15 V 


-2 


-100 


-100 


mu 

131 

V DS = 0 V 

T A = 150°C 

-4 


-100 


-100 


my 


Gate Operating 
Current 4 

wa 

V D g= 15 V, l D 

= 0.1 mA 

-2 







PA 

Drain Cutoff Current 4 

•d(OFF) 

< 

o 

w 

II 

o 

< 

< 

o 

03 

II 

O 

< 

2 










l D = 50 AA 


-0.5 

b a 






Gate-Source Voltage 

V GS 

V DS = 15 V 

l D = 200 AA 

-1.5 



-1 

-5 







1 D = 500 AA 

-3.5 





n 

-6 

V 

Gate-Source 

Forward Voltage 4 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 








DYNAMIC 

Common-Source 

Forward 

T ransconductance 

0fs 

V DS = 15 V, V GS = 0 V 


1 

4 

2 

5 

B 


mS 1 

Common-Source 
Output Conductance 

i 

f = 1 kHz 



10 


20 


40 

B 

Common-Source 

Forward 

Transmittance 

1 

V DS = 15 V, V GS = 0 V 

f = 100 MHz 




750 


750 


Common-Source 

Input Capacitance 

1 

V DS = 15 V, V G s = 0 V 

5 


6 


6 



■ 

Common-Source 
Reverse Transfer 
Caoacitance 


f = 1 MHz 

1.5 






B 

Equivalent Input 

Noise Voltage 4 

e n 

V DS = 10 v, V GS = 0 V 

f = 1 kHz 

6 




_ 


B 

M 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 as , duty cycle £3%. 

4. This parameter not registered with JEDEC. 
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[T'Siliconix 

^ incorporated 


2N4220 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






2N4220A 

2N4221A 

2N4222A 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 



MIN 

MAX 

C 

Z 

H 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

I g = -10JJLA, V ds = 0V 

-57 





-30 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D : 

= 0.1 nA 



-4 


-6 


-8 

Saturation Drain 
Current 3 

*DSS 

V DS = 15 V, V GS = 0 V 



3 


6 

5 

15 

mA 

Gate Reverse Current 

•gss 

V GS = -15 V 


-2 




-100 


-100 

pA 

V DS = 0 V 

T A = 150°C 

-4 




-100 


-100 

nA 

Gate Operating 
Current 4 

•g 

V DG = 15 V, l D : 

= 0.1 mA 


i 







Drain Cutoff Current 4 

•d(OFF) 

V DS = 10 V, V GS 

; = -10 V 

2 










1 D = 50 iJLA 

-0.8 

-0.5 

ED 






Gate-Source Voltage 

V GS 

V DS = 15 V 

1 D = 200 iXA 

-1.5 



-1 

-5 







l D = 500 JiA 

-3.5 





D 


V 

Gate-Source 

Forward Voltage 4 

V GS(F) 

l G = 1 mA. V DS = 0 V 

0.7 








DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 15 V, V GS = 0 V 


1 

4 

n 

D 



119 

Common-Source 
Output Conductance 


f = 1 kHz 



10 



■ 



Common-Source 

Forward 

Transmittance 

9f S 

V DS = 15 V, V GS = 0 V 

f = 100 MHz 


750 






Common-Source 

Input Capacitance 


V DS = 15 V, V GS = 0 V 

5 


6 


6 


D 

■ 

Common-Source 
Reverse Transfer 
CaDacitance 


f = 1 MHz 

1.5 


2 


a 


H 

Equivalent Input 

Noise Voltage 4 

e n 

V DS = 10 V, V GS = 0 V 
f = 1 kHz 

6 




■ 



n 

Noise Figure 


V DS = 15 V, V GS = 0 V 
f = 100 Hz, R G = 1 Mil 

BW = 6 Hz 



2.5 


B 



□ 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300^ls , duty cycle £3%. 

4. This parameter not registered with JEDEC. 
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2N4338 SERIES incorporated 

N-Channel JFETs 


The 2N4338 Series of n-channel JFETs is designed 
for sensitive amplifier stages at low to mid 
frequencies. It features low cut-off voltages to 
accommodate low-level power supplies and low 
leakage for improved system accuracy. The 
2N4338 and 2N4339 are ideal for low current, low 
battery operation. With their 1 dB max. noise figure 
at 1 kHz, system sensitivity will be excellent. 
Finally, the 2N4338 Series’ TO-18 package is 
hermetically sealed and suitable for military 
processing. (See Section 1 .) 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

•dss 

MAX 

(mA) 

2N4338 

-1 

-50 

0.6 

0.6 

2N4339 

-1.8 

-50 

0.8 

1.5 

2N4340 

-3 

-50 

1.3 

3.6 

2N4341 

-6 

-50 

2 

9 


For further design information please consult the 
typical performance curves NPA which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-92, See J201 Series 

• h , SOT-23, See SST201 Series 

• * Chips, Order 2N433XCHP 


TO-18 BOTTOM VIEW 




1 SOURCE 

2 DRAIN 

3 GATE & CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

limit 

UNITS 

Gate-Drain Voltage 

V GD 

-50 

V 

Gate-Source Voltage 

Vgs 

-50 

Gate Current 

■ g 

50 

mA 

Power Dissipation 

Pd 

300 

mW 

Power Derating 


2 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 175 

°C 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N4338 SERIES 


fT’Siliconix 

JL& incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N4338 

2N4339 

UNIT 



MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

i g = -ima, v ds = 0 V 

-57 

-50 


-50 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D = 0.1 JJLA 


-0.3 

-1 

-0.6 

-1.8 

Saturation Drain 

Current 3 

>DSS 

V DS = 15 V, V GS = o V 


0.2 

0.6 

0.5 

1.5 

mA 

Gate Reverse Current 

■gss 

V fiS = -30 V 

-2 




-100 

pA 

V DS = 0 V T a = 150°C 

-4 




-100 

nA 

Gate Operating 

Current 4 

!g 

V DG = 15 V, l D = 0.1 mA 

-2 





pA 

Drain Cutoff Current 

!d(OFF) 

V DS = 15 V. V GS = -5 V 

2 


50 


50 

Gate-Source 

Forward Voltage 4 

V GS(f) 

l G =1 mA, V DS = 0 V 

0.7 





V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 15 V, V GS = 0 V 


0.6 

1 .8 

0.8 

2.4 

mS 

Common-Source 

Output Conductance 

9os 

f = 1 kHz 



5 


n 

JJLS 

Drain-Source 

On-Resistance 

r DS(ON) 

V D s = 0 V, V GS = 0 V 
f = 1 kHz 



2500 



n 

Common-Source 

Input Capacitance 

C|SS 

V DS = 15 V. V GS = 0 V 

5 


7 


D 

PF 

Common-Source 

Reverse Transfer 
Capacitance 

Q-ss 

f = 1 MHz 

1.5 


3 


n 

Equivalent Input 

Noise Voltage 4 

e n 

V DS = 10 V. V GS = 0 V 
f = 1 kHz 

6 





n My 
'VhT 

Noise Figure 

NF 

V GS = 15 V, V GS = 0 V 
f = 1 kHz, R G = 1 Mil 

<0.01 


1 

■ 

B 

dB 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300^ls , duty cycle ^3%. 

4. This parameter not registered with JEDEC. 
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2N4338 SERIES inSjSSS 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N4340 

2N4341 

UNIT 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

Iq = -1JJ.A, V DS = 0 V 

-57 


M 

-50 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V D s = 15 V, l D = 0.1.AA 


a 

-3 

-2 


Saturation Drain 

Current 3 

>DSS 

V DS = 15 V, V GS = 0 V 



E3 


a 

mA 

Gate Reverse Current 

m 

V GS = -30 V 


-2 





pA 

V DS = 0 V 

T A = 150°C 

-4 




-100 

nA 

Gate Operating 

Current 4 

>G 

Vdg = 15 V, l D = 0.1 mA 

a 





PA 

Drain Cutoff Current 

1 D(OFF) 

V DS = 15 V 

V gs = -5 V 

2 


50 



v GS = -io v 

3 




70 

Gate-Source 

Forward Voltage 4 

V GS(f) 

l G = 1 mA, V DS = 0 V 

0.7 



a 


V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 15 V, V GS = 0 V 

f = 1 kHz 



3 

a 

a 

mS 

Common-Source 

Output Conductance 

9os 



30 


60 

JJLS 

Drain-Source 

On-Resistance 

r DS(ON) 

V D s = 0 V, V GS = 0 V 
f = 1 kHz 


a 

1500 


800 

a 

Common-Source 

Input Capacitance 

^iss 

V DS = 15 V, V GS = 0 V 
f = 1 MHz 

5 

a 

a 

a 

a 

1 

Common-Source 

Reverse Transfer 
Capacitance 

Q-ss 

1.5 


a 


a 

Equivalent Input 

Noise Voltage 4 

®n 

V DS = 10 V, V GS = 0 V 
f = 1 kHz 

6 

a 

a 



m 

Noise Figure 

NF 

V DS = 15 V, V GS = 0 V 
f = 1 kHz, R q = 1 MXI 

<0.01 


a 


a 

dB 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £3%. 

4. This parameter not registered with JEDEC. 
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CfSiliconix 

JLM incorporated 


The 2N4391 Series features many of the superior 
characteristics of JFETs. Its low on-resistance and 
fast switching make it a good choice for demanding 
analog switching applications, while its high-gain, 
low-noise, and impressive frequency response 
make it the choice for specialized amplifier circuits. 
This series also features a hermetically sealed 
TO-18 can which can be processed per 
MIL-S-19500. (See Section 1). 

For additional design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-92, See PN4391 Series 

• SOT-23, See SST4391 Series 

• Duals, See 2N5564 Series 

• Chips, Order 2N439XCHP 


2N4391 SERIES 

N-Channel JFET 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(Q) 

Id (OFF) 
MAX 
(PA) 

*ON 

MAX 

(ns) 

2N4391 

-10 

30 

100 

20 

2N4392 

-5 

60 

100 

20 

2N4393 

-3 

100 

100 

20 


TO-18 BOTTOM VIEW 



3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

VgS 

-40 

Gate Current 

Ig 

50 

mA 

Power Dissipation (Case 25°C) 

Pd 

1800 

mW 

Power Derating 


10 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 200 

1 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N4391 SERIES 


ELECTRICAL CHARACTERISTICS 1 



PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current I Iqss 


Gate Operating 
Current 4 


Drain Cutoff Current 


Drain-Source 

On-Voltage 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 



TEST CONDITIONS 


l G = -1 AA, V DS =0 V 
V DS = 20 V, I D = 1 nA 
V DS = 20 V, V GS = 0 V 



TYP 4 I MIN MAX MIN MAX 


Siliconix 

incorporated 


2N4393 

MIN MAX UNIT 


V GS = -20 V 
V DS = 0 V 


Ta =150°C -13 



V D g = 1 5 V, I D = 1 0 mA 


V DS = 20 V 
T a = 150°C 


V GS = -5 V 5 

V GS = -7 V 5 

V GS = -12 V 5 

V GS = ~5 V 13 

Vgs = ~7 V 13 

V GS = -12V 13 

I D = 3 mA 0.25 

I D = 6 mA 0.3 

In = 12 mA 0.35 


V GS = 0 V, l D = 1 mA 
I G = 1 mA, Vns = 0 V 


-40 


-0.5 

-3 

5 

30 








100 












0.4 






100 


1 


Common-Source 

Forward 

Transconductance 4 


Common-Source 
Output Conductance 4 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 4 


SWITCHING 



V DG = 20V, l D 

f = 1 kH; 

= 1 mA 

z 

V GS = 0 V, 1 D = 0 mA 
f = 1 kHz 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 


V GS = -5 V 

V DS = 0 V 
f - 1 MHz 

V G s = -7 V 


| V GS = -12 V 

V DG = 10 V, l D 
f = 1 kHz 

= 10 mA 


mS 


MS 

100 I XI 




*d(ON) 

Vqd = 10 V, Vqq(on) = 0 V 

m 


mm 


mm 


mm 



tr 

P/N Id(on) V GS( off) Rl 

mm 


5 


5 


5 


Ti Time* 

td(OFF) 

2N4391 12 mA -12 V 800 XI 

2N4392 6 mA -7 V 1600 XL 

6 


20 




50 

ns 

i urn-urr i line 

tf 

2N4393 3 mA -5 V 3000 Sl\ 

13 


15 




30 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 ms , duty cycle ^3%. 

4. This parameter not registered with JEDEC. 








































































2N4416 SERIES 

N-Channel JFETs 


The 2N4416 and 2N4416A are n-channel JFETs 
designed to provide high-performance amplifica- 
tion, especially at high-frequency. These parts 
feature low noise figure ( 4 dB max @ 400 MHz) , 
high gain (10 dB min @ 400 MHz) and provide wide 
bandwidth. Its TO-72 hermetically sealed package 
is available with full military processing. (See 
Section 1 .) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• dss 
MAX 
(mA) 

2N4416 

-6 

-30 

4.5 

15 

2N4416A 

-6 

-35 

4.5 

15 


For additional design information please see 
performance curves NH, which are located in 
Section 7. 


SIMILAR PRODUCTS 

© TO-92, See PN4416 

© SOT-23, See SST4416 

® Chips, Order 2N4416CHP 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 SUBSTRATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N4416 

2N4416A 

Gate-Drain Voltage 

V GD 

-30 

-35 

■ 

Gate-Source Voltage 

Vgs 

-30 

-35 

Gate Current 

>G 

10 


Power Dissipation 

P D 

300 


Power Derating 


1.7 


Operating Junction Temperature 

Tj 

-55 to 150 

i 

Storage Temperature 


-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N4416 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


2N4416 

2N4416A 

UNIT 

TYP 2 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

Iq = -1 MA , V DS = 0 V 

| 


■ 

-35 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D = 1 nA 

B 


B 


-6 

Saturation Drain 

Current 3 

■dss 

V DS = 15 V, V GS = 0 V 




B 


mA 

Gate Reverse Current 

'gss 

V GS = -20 V 

-2 





PA 

V DS = 0V T a = 150°C 

-4 





nA 

Gate Operating 

Current 4 

■g 

V DG = 10 V, l D = 1 mA 






PA 

Drain Cutoff Current 4 

■d(OFF) 

V DS = 10 V, V GS = -6 V 






Drain-Source 

On-Resistance 4 

r DS(ON) 

V GS = 0 V , l D = 1 mA 

150 


B 

B 

B 

a 

Gate-Source 

Forward Voltage 4 

V GS(f) 

l G = 1 mA, V DS = 0 V 

0.7 

B 




V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 3 

flfs 

V DS = 15 V, V GS = 0 V 

6 

B 

B 

B 

7.5 

mS 

Common-Source 

Output Conductance 3 

9os 

f = 1 kHz 

15 

B 


B 

50 

MS 

Common-Source 

Input Capacitance 

C|SS 


2.2 


D 


B 

PF 

Common-Source 

Reverse Transfer 
Caoacitance 

Q-ss 

V DS = 15 V, V GS = 0 V 

f = 1 MHz 

0.7 


0.8 


0.8 

Common-Source 

Output Capacitance 

^oss 

B 


2 


2 

Equivalent Input 

Noise Voltage 4 

c 

10) 

V DS = 10 v, V GS = 0 V 
f = 100 Hz 

9 





nV/ 

ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

100 MHz 

400 MHz 

UNIT 

MIN 

MAX 

MIN 

MAX 

HIGH-FREQUENCY 

Common-Source 

Input Conductance 

MM 

V DS = 15 V, V GS = 0 V 





1000 

— 

MS 

Common-Source 

Input Susceptance 

kiss 



2500 


10,000 

Common-Source 

Output Capacitance 




75 


100 

Common-Source 

Output Susceptance 

1 






4000 

Common-Source Forward 
Transconductance 

9fs 



HI 

4000 



Common-Source 

Power Gain 

mm 

V D s = 15 V, 1 D = 5 mA 


18 


10 



Noise Figure 


V D s = 15 V, l D = 5 mA 

R G = 1 kXl 



B 

H 

B 

dB 


NOTES: 1. T a = 25 °C unless otherwise noted. 4. This parameter not registered with JEDEC. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £2%. 






























































































i n c □ rp o rat e d 2N4856 SERIES - JANTX, JANTXV 


N-Channel JFET 


The 2N4856 Series is an all-purpose JFET analog 
switch which offers low on-resistance, good 
isolation and very fast switching. Its JAN, JANTX, 
and JANTXV certification make this device a perfect 
choice for military designs, as qualified devices can 
be purchased without cumbersome source-control 
documentation. 

For additional design information please consult the 
typical performance curves NCB, which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-92, Jill Series 

• SOT-23, SST111 Series 

• Dual, 2N5564 Series 

« Chips, Order 2N485XCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 

MAX 

(A) 

•d(OFF) 

MAX 

(PA) 

*ON 

MAX 

(ns) 

2N4856 

-10 

25 

250 

9 

2N4857 

-6 

40 

250 

10 

2N4858 

-4 

60 

250 

20 

2N4859 

-10 

25 

250 

9 

2N4860 

-6 

40 

250 

10 

2N4861 

-4 

60 

250 

20 


TO-18 BOTTOM VIEW 



3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N4856-58 

2N4859-61 

Gate-Drain Voltage 

Vgd 

-40 

-30 

V 

Gate-Source Voltage 

VgS 

-40 

-30 

Gate Current 

Ig 

50 

mA 

Power Dissipation (25°C Case) 

Pd 

1800 

mW 

Power Derating 


10 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 200 

1 

Storage Temperature 


-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

T L 

300 
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2N4856 SERIES - JANTX, JANTXV J7B&3& 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 



TEST CONDITIONS 



Gate-Source 
Breakdown Voltage 


i = -1 JJ.A, V DS = 0 V 


Gate-Source 

Cutoff Voltage 


V DS = 15 V, l D = 0.5 nA 

Saturation Drain 
Current 3 

•dss 

V DS = 15 V, Vq S = 0 V 

Gate Reverse Current 

•gss 

> 

o > 

CM 

I O 

II II 

CO CO 
0 Q 
> > 

|T A = 150 o C 

Gate Operating 
Current* 

m 

V DG = 15 V, l D = 10 mA 

Drain Cutoff Current 

'd(OFF) 

V DS = 15 V, V GS = -10 V 

V DS = 15 V, V GS = -10 V 

T A = 150°C 

Drain-Source 

On-Voltage 

Yds (on) 

Vqs = 0 V 

1 D = 5 mA 

1 D =10 mA 

Id = 20 mA 

Drain-Source 

On-Resistance 4 

r DS(ON) 

V GS = 0 V, l D = 1 mA 

Gate-Source 

Forward Voltage 4 

V GS(F) 

— .Ml™ 


DYNAMIC 


Common-Source 

Forward 

Transconductance 4 

9fs 

V DG = 20 V, l D = 1 mA 

Common-Source 
Output Conductance 4 

9os 

f = 1 kHz 

Drain-Source 

On-Resistance 


v gs = ov,i d = 0 V 
f = 1 kHz 

Common-Source 

Input Capacitance 

1 

V DS = 0V, V GS = -10V 
f = 1 MHz 

Common-Source 
Reverse Transfer 
Capacitance 

^rss 

Equivalent Input 

Noise Voltage 4 

®n 

V DG = 10 V, l D = 10 mA 
f = 1 kHz 



SWITCHING 


Turn-on Time 


Turn-off Time 


^d(ON) 

V DD = 10 V, V GS(ON) = 0 V 

2 


6 


6 


10 

tr 

P/N Iq(ON) Y gs( off) r l 

2N4856 20 mA -10 V 464 X1 
2N4857 10 mA -6 V 953 X1 

2N4858 5 mA -4 V 1910X1 

2 


3 


4 


10 

t (OFF) 

19 


25 




100 


ns 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = IOO^lS , duty cycle £ 10%. 

4. This parameter not registered with JEDEC. 






























































































JEy i n c □ rp □ rate d 2N4856 SERIES - JANTX, JANTXV 



4 


NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 100jxS, duty cycle 2 10%. 

4. This parameter not registered with JEDEC. 
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2N4856A SERIES 


fTT'Siliconix 

JUr incorporated 


N-Channel JFET 


The 2N4856A Series is an all-purpose JFET analog 
switch which offers low on-resistance and good 
isolation. Although very similar to the 2N4856 
Series, the 2N4856A Series features even lower 
capacitance and faster switching. Finally, its 
hermetically sealed TO-18 package allows full 
military processing. (See Section 1.) 

For additional design information please consult the 
typical performance curves NCB, which are located 
in Section 7. 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

rds(ON) 

MAX 

(fl) 

Id (OFF) 
MAX 
(PA) 

tON 

MAX 

(ns) 

2N4856A 

-10 

25 

250 

8 

2N4857A 

-6 

40 

250 

10 

2N4858A 

-4 

60 

250 

16 

2N4859A 

-10 

25 

250 

8 

2N4860A 

-6 

40 

250 

10 

2N4861A 

-4 

60 

250 

16 


SIMILAR PRODUCTS 

• TO-92, Jill Series 

• SOT-23, SST111 Series 

• Dual, 2N5564 Series 

• Chips, Order 2N485XACHP 


TO-18 


BOTTOM VIEW 




1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N4856A-58A 

2N4859A-61A 

Gate-Drain Voltage 

|^||| 

-40 

-30 

V 

Gate-Source Voltage 

| 

-40 

-30 

Gate Current 

Ig 

50 


Power Dissipation (25°C Case) 

Pd 

1800 


Power Derating 


10 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 200 

1 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N4856A SERIES 



4 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = IOOjiS, duty cycle ^ 10%. 

4. This parameter not registered with JEDEC. 
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2N4856A SERIES 


ELECTRICAL CHARACTERISTICS 


Siliconix 

incorporated 



PARAMETER 


STATIC 


Gate-Source 

Breakdown Voltage (BR)GSS 


V GS(OFF) 


•dss 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 



Gate Reverse Current I I qss 


Gate Operating 
Current 4 


Drain Cutoff Current I Id(off) 


Drain-Source 

On-Voltage 


Drain-Source 

On-Resistance 4 


Gate-Source 
Forward Voltage 4 


Common-Source 

Forward 

Transconductance 4 


Common-Source 
Output Conductance 4 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage4 


SWITCHING 


Turn-on Time 


Turn-off Time 


TEST CONDITIONS 


q = -1 JJLA , V DS = 0 V 


V DS = 15 V, l D = 0.5 nA 
V DS = 15 V, V GS = 0 V 



LIMITS 


2N4860A 2N4861A 


V gs = -15 V 
V DS = 0 V 


V DQ = 15 V, l D = 10 mA 

V DS = 15 V, V GS = -10 V 

V DS = 15 V, V GS = -10 V 
Ta=150°C 


T a = 150°C | -13 
-5 



D =5 mA 


o=10 mA o.35 


o = 20 mA 0.5 


V GS = 0 V, l D =1 mA 
l G = 1 mA, V DS = 0 V 


II 

0 

Q 

> 

20 V, l D = 

1 mA 


f = 1 kHz 


V GS 

= 0 V, l D = 

: 0 V 


f = 1 kHz 


V DS = 

0 V, v GS = 

-10 V 

f 

= 1 MHz 


Vdg = 

10 V, l D = 

10 mA 

f 

= 1 kHz 




V DD = 

10 V, v 

GS(ON) = 

0 V 

P/N 

•d(ON) 

V GS(OFF) 

Rl 

2N4859A 

20 mA 

-10 V 

464 XL 

2N4860A 

10 mA 

-6 V 

953 XI 

2N4861A 

5 mA 

-4 V 

191 0 XL 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 100jjlS, duty cycle ^10%. 

4. This parameter not registered with JEDEC. 


4-26 





























































































CX'Siliconix 

JLJv incorporated 


The 2N4867 Series of n-channel JFETs is designed 
for sensitive amplifier stages at low to mid 
frequencies. For applications requiring the lowest 
possible noise, the 2N4867A Series features e n of 
10 nV/v/Hz @ 10 Hz. Additionally, this series 
features low cut-off voltages to accommodate 
low-level power supplies and low leakage for 
improved system accuracy. Specifically the 
2N4867 and 2N4868 are ideal for low current, low 
battery operation. With 1 dB max. noise figure at 1 
kHz, system sensitivity will be excellent. Finally, the 
2N4867 Series’ TO-72 package is hermetically 
sealed and suitable for military processing. (See 
Section 1 .) 

For further design information please consult the 
typical performance curves NPA which are located 
in Section 7. 

SIMILAR PRODUCTS 

® TO-18, See 2N4338 Series 

® TO-92, See J201 Series 

® SOT-23, See SST201 Series 

• Chips, Order 2N486XCHP 


2N4867 SERIES 

N-Channel JFETs 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(m3) 

Idss 

MAX 

(mA) 

2N4867 

-2 

-40 

0.7 

1.2 

2N4868 

-3 

-40 

1 

3 

2N4869 

-5 

-40 

1.3 

7.5 

2N4867A 

-2 

-40 

0.7 

1.2 

2N4868A 

-3 

-40 

1 

3 

2N4869A 

-5 

-40 

1.3 

7.5 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 CASE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

>g 

50 

mA 

Power Dissipation 

Pd 

300 

mW 

Power Derating 


1.7 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N4867 SERIES J31S5& 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 






2N4867 

2N4868 

2N4869 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 



MIN 

MAX 

UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

1 G = — 1 -U.A , V DS = 0 V 

-57 

-40 


-40 




■ 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, 1 c 

= 1 .UA 


-0.7 

B 

B 

-3 



■ 

Saturation Drain 
Current 3 

■dss 

V DS = 20 V, V GS = 0 V 


0.4 

1.2 

1 

3 


B 


Gate Reverse Current 

m 

Vq S = -30 V 


Wk 


BSil 


-250 


Pin 

B 

V DS = 0 V 

T A = 150°C 

mm 




-250 



wm 

Gate Operating 
Current 4 

m 

V DG = 15 V, l D 

= 0.1 mA 









Drain Cutoff Current 4 

■d(OFF) 

V DS = 15 V, V GS =-6V 








Gate-Source 

Forward Voltage 4 

V GS(F) 

l G = 1 mA, V DS =0 V 

0.7 







1 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 20 V, V GS = 0 V 



B 

B 


1.3 

4 


Common-Source 
Output Conductance 


f = 1 kHz 



B 


4 


10 


Common-Source 

Input Capacitance 

C iss 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 

B 


B 


B 



I 

Common-Source 

Reverse Transfer 
Capacitance 

^rss 

D 


5 


B 


B 

Equivalent Input 

Noise Voltage 

e n 

V DS = 10 V 

f = 10 Hz 

D 


20 




Bfil 

m 


v GS = o V 

f = 1 kHz 

6 




10 


mm 

Noise Figure 

NF 

V 0 s = 10 v, V GS = 0 V 
f = 1 kHz. R G = 20 kll 

0.5 

■ 

■ 

■ 

D 

■ 

D 

dB 


NOTES: 


T a = 25 °C unless otherwise noted. 

For design aid only, not subject to production testing. 
Pulse test: PW = 300iis , duty cycle ^3%. 

This parameter not registered with JEDEC. 





























































JOrS-as 2N4867 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






2N4867A 

2N4868A 

2N4869A 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 



UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

I g = -1J1A, v ds = 0 V 





B 


B 


Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, 1 D 

= 1 JJ-A 



B 

-1 

B 


B 

V 

Saturation Drain 
Current 3 

>DSS 

V DS = 20 V, V GS = 0 V 


0.4 

B 

1 

B 

B 

B 

mA 

Gate Reverse Current 

•gss 

V GS = -30 V 


B 




1231 


123 

m 

V DS = 0 V 

T A = 150°C 

-4 






2m 

^3 

Gate Operating 

Current 4 

n 

< 

o 

o 

II 

cn 

< 

o 

= 0.1 mA 

i 







PA 

Drain Cutoff Current 4 

■d(OFF) 

V DS = 15 V, V GS = -6 V 

B 







Gate-Source 

Forward Voltage 4 

V GS(F) 

l G = 1 m A , V GG = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9f s 

V DS = 20 V, V GS = 0 V 

B 

0.7 

2 

1 


1.3 



Common-Source 
Output Conductance 

9os 

f = 1 kHz 

i 


B 


4 



Jl 

Common-Source 

Input Capacitance 

^iss 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 

4.5 


1 


25 



1 

Common-Source 
Reverse Transfer 
Capacitance 

Crss 

1.3 


5 


5 


5 

Equivalent Input 

Noise Voltage 

e„ 

v DS = 10 V 

f = 10 Hz 

8 


10 


10 


10 

ny 


V GS = 0 V 

f = 1 kHz 



5 


5 


5 

Noise Figure 

NF 

V DS = 10 V, V GS = 0 V 
f = 1 kHz, R g = 20 k.ft 

0.5 

■ 

n 

■ 

■ 

■ 

D 

dB 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300,us , duty cycle £3%. 

4. This parameter not registered with JEDEC. 
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2N51 14 SERIES 

P-Channel JFETs 


The 2N5114 Series is a p-channel JFET analog 
switch designed to complement our n-channel 
2N4091 Series. They feature low on-resistance and 
good off-isolation as well as the fast switching 
associated with JFETs. They are housed in TO-18 
hermetic packages and available with JAN, JANTX, 
or JANTXV level processing. (See 2N5114 JANTX 
data sheet.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(Cl) 

1 D(OFF) 
MAX 
(PA) 

*ON 

MAX 

(ns) 

2N5114 

10 

75 

-500 

16 

2N5115 

6 

100 

-500 

30 

2N5116 

4 

150 

-500 

60 


For additional design information please see 
performance curves PSCIA, which are located in 
Section 7. 


SIMILAR PRODUCTS 


• TO-92, See J174 Series 

• SOT-23, See SST5114 Series 

• Chips, Order 2N511XCHP 


TO-18 


BOTTOM VIEW 




1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

30 

V 

Gate-Source Voltage 

Vgs 

30 

Gate Current 

Ig 

50 

mA 

Power Dissipation 

Pd 

500 

mW 

Power Derating 


3 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 200 

°C 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

T|_ 

300 
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Siliconix 

incorporated 


2N51 14 SERIES 



4 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjls , duty cycle ^2%. 

4. This parameter not registered with JEDEC. 
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2N5114 SERIES - JANTX, JANTXV mSSS& 

P-Channel JFETs 


The 2N5114 Series is a p-channel JFET analog 
switch designed to complement our n-channel 
2N4091 Series. They feature low on-resistance and 
good off-isolation as well as the fast switching 
associated with JFETs. They are housed in TO-18 
hermetic packages and available with JAN, JANTX, 
or JANTXV level processing. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

rds(ON) 

MAX 

(a) 

Id (OFF) 
MAX 
(PA) 

t ON 

MAX 

(ns) 

2N5114 

10 

75 

-500 

16 

2N5115 

6 

100 

-500 

30 

2N5116 

4 

175 

-500 

42 


For additional design information please see 
performance curves PSCIA, which are located in 

Section 7. TO-18 BOTTOM VIEW 


SIMILAR PRODUCTS 

• TO-92, See J174 Series 

• SOT-23, See SST5114 Series 

• Chips, Order 2N511XCHP 




1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

30 

V 

Gate-Source Voltage 

Vgs 

30 

Gate Current 

Ig 

50 

mA 

Power Dissipation 

Pd 

500 

mW 

Power Derating 


3 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 200 

1 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 


300 
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m££& 2N51 1 4 SERIES - JANTX, JANTXV 



4 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300ji.s , duty cycle ^2%. 
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2N5196 SERIES .BIKSSSS 

N-Channel JFET Pairs 


The 2N5196 Series of monolithic JFET pairs is 
designed for high performance differential 
amplification for a wide range of precision test 
instrumentation applications. This series features 
tight matching specs, low gate leakage for 
accuracy, and wide dynamic range as Ig is 
guaranteed at Vqg = 20 V. Its TO-71 package is 
hermetically sealed and is available with full military 
processing. (See Section 1.) 

For additional design information please see 
performance curves NQP, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• Low Noise, See U401 Series 

• Low Leakage, See U421 Series 

• High Gain, See 2N5911 Series 

• Chips, Order 2N519XCHP Series 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9fs 

MIN 

(mS) 

Ig 

MAX 

(PA) 

JVgs! “ VqS 2 | 
MAX 
(mV) 

2N5196 

-50 

1 

-15 

5 

2N5197 

-50 

1 

-15 

5 

2N5198 

-50 

1 

-15 

10 

2N5199 

-50 

1 

-15 

15 


TO-71 BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 SOURCE 2 

5 DRAIN 2 

6 GATE 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-50 

V 

Gate-Source Voltage 


-50 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation (Ta = 85°) 

Per Side 


250 

mW 

Total 

500 

Power Derating (Ta= 85°) 

Per Side 


2.56 

mW/°C 

Total 

4.3 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16" from case for 10 seconds) 

t l 

300 


4-34 





























HtSgSi 2N5196 SERIES 



4 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
3. Pulse test; PW =300^13 , duty cycle £3%. 
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Equivalent Input 
Noise Voltage 


Noise Figure 


MATCHING 


Differential 
Gate-Source Voltage 


Gate-Source Voltage 
Differential Change 
with Temperature 


Saturation 
Drain Current Ratio 


Transconductance 

Ratio 


Differential 
Output Conductance 


Differential 
Gate Current 


Common Mode 
Rejection Ratio 



2N5196 SERIES 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 


Gate Reverse 
Current 


Gate Operating 
Current 


Gate-Source Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 
Input Capacitance 


Siliconix 

incorporated 





| 1 G1“ 1 G2 | 

v CMRR 


TEST CONDITIONS 


l G = -1 J-LA , V DS = 0 V 
V ds = 20 V, l D = 1 nA 
V DS = 20 V, V GS = 0 V 


V GS = -30 V 

V ° s = ° V T a = 150°C 


V DG = 20 V 

I D = 200 JlA | Ta = 125 o C 
V DG = 20 V, l D = 200 MA 


V DS = 20 V, V GS = 0 V 
f = 1 kHz 


V DG = 20 V, l D = 200 JiA 
f = 1 kHz 


V DS = 20 V, V GS = 0 V 
f = 1 MHz 

V DS = 20 V, V G g = 0 V 

f = 1 kHz 

V DS = 20 V, V GS = 0 V 
f = 100 Hz , R g = 10 MO, 


V DG = 20 V, 

l D = 200 JJLA 

V DG = 20 V 

T = -55 to 25°C 

l D = 200 MA 

T = 25 to 125°C 

V DS = 20 V, V GS = 0 V 

V DG = 20 V, 
f = ' 

l D = 200 MA 

1 kHz 

V DG = 20 V, 

T a = 

1 D = 200 JlA 

1 25°C 

V DD = 10 to 20 V, l D = 200 MA 





20 4 


0.5 dB 



mmi 


0.95 

1 



1 

JIS 


5 

nA 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jts , duty cycle £3%. 
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2N5432 SERIES 

N-Channel JFET 


The 2N5432 Series offers the designer an 
alternative for true high performance analog 
switching applications. Good breakdown voltage 
characteristics coupled with low on-resistance and 
very fast switching make these devices suitable for 
a wide range of applications. For military designs, 
the TO-52 package is hermetically sealed and 
suitable for processing per MIL-S-19500. (See 
Section 1 .) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 

MAX 

(H) 

Id(off) 

MAX 

(PA) 

t ON 

MAX 

(ns) 

2N5432 

-25 

5 

200 

5 

2N5433 

-25 

7 

200 

5 

2N5434 

-25 

10 

200 

5 


For further design information please consult the 
typical performance curves NIP which are located in 
Section 7. 


SIMILAR PRODUCTS 

o SOT-23, See SST108 Series 
o TO-92, See J108 Series 
a Chips, Order 2N543XCHP 


TO-206AC (TO-52) BOTTOM VIEW 




SOURCE 

DRAIN 

GATE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 


-25 

Gate Current 

Ig 

100 

mA 

Power Dissipation 

Pd 

300 

mW 

Power Derating 


2.4 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 


-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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2N5432 SERIES 


ELECTRICAL CHARACTERISTICS 1 


Siliconix 

incorporated 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 

Gate Reverse Current 


Gate Operating 
Current* 


Drain Cutoff Current 


Drain-Source 

On-Voltage 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 4 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 4 


Common-Source 
Output Conductance 4 

Drain-Source 

On-Resistance 

Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 4 


SWITCHING 


Turn-on Time 

Turn-off Time 






TEST CONDITIONS 


I G = -1 JlA , V DS = 0 V 
V ds = 5V, I D = 3 nA 
V DS = 15 V, V GS = 0 V 
V G s = -15 V 

V DS = 0 V | T A = 150°' 

V DG = 10 V, I D = 10 mA 

V D s = 5V, V gs = -10V 

V DS = 5 V, V GS = -10 V 
T a = 150°C 

V G s = o V, l D = 10 mA 

l G = 1 mA, V DS = 0 V 



LIMITS 


2N5433 


MIN MAX 




V DG = 

: 5 V, 

•d = 

10 mA 


f = 

1 kHz 


V GS 

= 0 V, l D 

= 0 V 


f = 1 

kHz 


V DS = 

o 

< 

V GS : 

= -10 V 


f = 1 

1 MHz 


< 

□ 

O 

ii 

: 5 V, 

•d = 

10 mA 


f = 

1 kHz 



■ 

■ 

■ 

■ 


30 


15 




ii 

Q 

Q 

> 

1.5 V, 

V GS(ON) = 

0 V 

P/N 

1 D(ON) 

V GS(OFF) 

r l 

2N5432 

10 mA 

-12 V 

145 

2N5433 

10 mA 

-12 V 

143 SI 

2N5434 

10 mA 

-12 V 

140 SI 


30 30 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jiS, duty cycle £3%. 

4. This parameter not registered with JEDEC. 


4-38 





































































2N5460 SERIES 

P-Channel JFETs 


The 2N5460 Series are low cost p-channel JFETs 
designed to provide all-around performance in a 
wide range of amplifier and analog switch 
applications. This series features two ranges of 
gate-source breakdown voltage, good gain, and 
low capacitance. Its p-channel construction also 
affords the designer simplicity for many 
applications. Its TO-92 package is compatible with 
a wide range of tape and reel options for automated 
assembly. (See Section 8.) 

For additional design information please see 
performance curves PSCIB, which are located in 
Section 7. 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

V (BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

1 DSS 
MAX 
(mA) 

2N5460 

6 

40 

1 

-5 

2N5461 

7.5 

40 

1.5 

-9 

2N5462 

9 

40 

2 

-16 

2N5463 

6 

60 

1 

-5 

2N5464 

7.5 

60 

1.5 

-9 

2N5465 

9 

60 

2 

-16 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N5460-2 

2N5463-5 

Gate-Drain Voltage 

Vgd 

40 

60 

■ 

Gate-Source Voltage 

Vgs 

40 

60 

Gate Current 

>g 

10 


Power Dissipation 

Pd 

310 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N5460 SERIES .B'SSKSS 



NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 


2N5460 SERIES 



PARAMETER 


STATIC 


Gate-Source w 

Breakdown Voltage (BR)GSS 


TEST CONDITIONS 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current 


Gate Operating 
Current 


Drain Cutoff Current 


Gate-Source Voltage 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Common-Source 
Output Capacitance 

Equivalent Input 
Noise Voltage 


V GS(OFF) 



Noise Figure 



V DS = -15 V, V GS = 0 V 
f = 1 kHz 


V DS = -15 V, V GS = 0 V 
f = 1 MHz 


V DS = -15 V, V GS = 0 V 

f = 100 Hz 

V DS = -15 V, V GS = 0 V 
f = 100 Hz, Rq = 1 Mil 
BW = 1 Hz 



1 G = 

10jlA, 

V DS 

= 0 V 

V DS 

= -15 V, l D 

= -1M 

11 

CO 

O 

> 

-15 V, 

Ygs : 

= 0 V 

V GS 

= 20 V 



V DS 

= 0 V 


T A = 100°C 

ll 

U 

Q 

> 

-20 V, 1 

D = • 

-0.1 mA 

ll 

CO 

Q 

> 

-15 V, 

CO 

o 

> 

= 10 V 



1 D = 

-0.1 mA 

1 

II 

CO 

Q 

> 

15 V 

1 D = 

-0.2 mA 



Id = 

-0.4 mA 

*G = ' 

-1 mA , 

V DS 

= 0 V 





mmmmu am 





NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 .us , duty cycle £ 2 %. 
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2N5484 SERIES 


fET'Siliconix 

JmM incorporated 


N-Channel JFETs 


The 2N5484 Series of n-channel JFETs is designed 
to provide high-performance amplification, espe- 
cially at high-frequency. These parts feature low 
noise ( 4 dB max @ 400 MHz), high gain (5.5 mS 
typical @ 400 MHz) and provide wide bandwidth. 
Additionally, its low-cost TO-92 package is available 
with tape and reel to support automated assembly. 
(See Section 8.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

*DSS 

MAX 

(mA) 

2N5484 

-3 

-25 

3 

5 

2N5485 

-4 

-25 

3.5 

10 

2N5486 

-6 

-25 

4 

20 


For additional design information please see 
performance curves NH, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• SOT-23, See SST5484 Series 

• Chips, Order 2N548XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

VgD 

-25 

■ 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

Iq 

10 


Drain Current 

Id 

30 

Power Dissipation 

Pd 

360 

1 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-65 to 135 

i 

Storage Temperature 


-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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XTSSSSSte 2N5484 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N5484 

2N5485 

2N5486 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

Y(BR)GSS 

1 g = -1 AA , V DS = 0 V 

-35 

-25 


-25 




V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D = 10 nA 


-0.3 

-3 

-0.5 

-4 

-2 

-6 

Saturation Drain 
Current 3 

■dss 

V DS = 15 V, V GS = 0 V 


1 

5 

4 

10 

B 


mA 

Gate Reverse Current 

!gss 

V GS = -20 V 

-0.002 


-1 


-1 


-1 

nA 

v DS = o V T A = 1 00°C 

-0.2 


-200 


-200 



Gate Operating 
Current 

•g 

V DG = 10 V, l D = 1 mA 

-20 





B 


PA 

Gate-Source 

Forward Voltage 

V GS(F) 

1 G = 1 0 mA , V DS = 0 V 

0.8 





B 


V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9f S 

Vqs = 0 V, V DS = 15 V 
f = 1 kHz 


3 

D 



B 

8 

mS 

Common-Source 
Output Conductance 

9os 



■ 




B 


Common-Source 

Input Capacitance 

m 




1 




B 

1 

Common-Source 
Reverse Transfer 
Capacitance 


V GS = 0 V, V DS = 15 V 
f = 1 MHz 

0.7 


1 


1 


1 

Common-Source 
Output Capacitance 

^oss 

1 




B 


B 

Equivalent Input 

Noise Voltage 

®n 

V GS = 0 V, V DS = 15 V 
f = 100 Hz 

10 







M 

HIGH FREQUENCY 

Common-Source 

Forward 

Transconductance 

yts 

V DS = 15 V 

V GS = 0 V 

ugm 

HfcM 

2.5 






mS 


5.5 



3 


3.5 


Common-Source 
Output Conductance 

y os 


30 


75 





AS 


50 






100 

Common-Source 

Input Conductance 

yis 




0.1 





mS 






1 


1 

Common-Source 
Power Gain 

Qps 



20 

16 

25 





dB 


21 



18 

£ 

18 

30 

V DS = 15 V, f = 400 MHz 

1 D = 4 mA 

13 




IS 

10 

20 

Noise Figure 

NF 


0.3 


2.5 


□ 


2.5 


2 


3 

■ 

1 



V DS = 15 V 

1 D = 4 mA 

R g = 1 k>a 

f = 100 MHz 

1 






2 


2.5 




4 


4 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 as , duty cycle ^3%. 
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2N5564 SERIES .B'S&SSSS 

N-Channel JFET Pairs 


The 2N5564 Series are matched pairs of JFETs 
mounted in a single TO-71 package. This two-chip 
design reduces parasitic performance at high 
frequency while ensuring extremely tight matching. 
The 2N5564 features high breakdown voltage 
(V(br)GSS typically > 55 V), high gain (typically 
> 9 mS) , and less than 5 mV offset between the 
two die. Additionally, its TO-71 package is 
hermetically sealed and can be processed per 
MIL-S-19500. (See Section 1.) . 

For additional design information please see 
performance curves NCB, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• Low Noise, See U401 Series 

• Low Leakage, See U421 Series 

• Chips, Order 2N556XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

Ig 

MAX 

(PA) 

I^GSi “ Vqs 2 | 
MAX 
(mV) 

2N5564 

-40 

7.5 

-100 

5 

2N5565 

-40 

7.5 

-100 

10 

2N5566 

-40 

7.5 

-100 

20 


TO-71 BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 SOURCE 2 

5 DRAIN 2 

6 GATE 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

V GD 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate-Gate Voltage 

Vgg 

+ 80 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation 

Per Side 

Pd 

325 

mW 

Total 

650 

Power Derating 

Per Side 


2.2 

mW/°C 

Total 

3.3 

Operating Junction Temperature 

Tj 

-55 to 150 

i 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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CT'Siliconix 

JLJP incorporated 


ELECTRICAL CHARACTERISTICS 1 


2N5564 SERIES 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 

Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 

Gate Reverse 
Current 3 


Gate Operating 
Current 

Drain-Source 

On-Resistance 

Gate-Source Voltage 


Gate-Source 
Forward Voltage 



v (BR)GSS 
V GS(OFF) 

•dss 



TEST CONDITIONS 


| G = -1 JlA , V DS = 0 V 
V DS = 15 V, l D = 1 nA 


V DS = 15 V, V GS = 0 V 
V GS = -20 V 

Vos = 0 V T a = 150°C 
V dg =15V 

I D = 2 mA T A = 125°( 
V GS = 0 V, l D = 1 mA 
V DS = 1 5 V, I D = 2 mA 
l G = 2 mA, V DS = 0 V 


LIMITS 


2N5564 2N5565 2N5566 

TYP 2 MIN MAX MIN MAX MIN MAX UNIT 


-55 -40 





Common-Source 

Forward 

Transconductance 


Common-Source 
Output Conductance 

Common-Source 

Forward 

T ransconductance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


Noise Figure 


MATCHING 


Differential 
Gate-Source Voltage 


Gate-Source Voltage 
Differential Change 
with Temperature 

Saturation 
Drain Current Ratio 

Transconductance 

Ratio 

Common Mode 
Rejection Ratio 



V DG = 15 V, l D = 2 mA 
f = 1 kHz 

V DQ = 15 V, l D = 2 mA 
f = 100 MHz 

Vdg = 15 V, l D = 2 mA 
f = 1 MHz 


V dg = 15 V, l D = 2 mA 
f = 10 Hz 

V DG = 15 V, l D = 2 mA 
f = 10 Hz , R g = 1 MSI 


V DS = 1 5 V , I D = 2 mA 


9 

7.5 

12.5 

35 


45 

8.5 

7 


10 


12 




12.5 mS 
45 iiS 



V nn = 10 to 20 V, i n = 2 mA 76 



5 




10 


10 

0.95 

1 

0.95 

1 




20 mV 


_!£_ ny 

50 /o c 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £3%. 
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2N5638 SERIES 


CT'Siliconix 

..A-M incorporated 


N-Channel JFET 


The 2N5638 Series is a multi-purpose n-channel 
JFET designed to economically enhance circuit 
performance. These devices are especially well 
suited for analog switching applications and feature 
very fast switching speeds, but function efficiently 
as high-gain amplifiers, particularly at high-fre- 
quency. Our low-cost TO-92 packaging offers 
affordable performance with flexibility for designers, 
as these devices can be ordered with a variety of 
lead forms or tape and reel for automated 
insertion. (See Section 8.) 


PART 

NUMBER 

V(BR)DSS 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

0 < < 
a 25 

*ON 

MAX 

(ns) 

2N5638 

-30 

30 

1 

9 

2N5639 

-30 

60 

1 

14 

2N5640 

-30 

100 

1 

18 


For additional design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-18, See 2N4391 Series 

• SOT-23, See SST4391 Series 

• Duals, See 2N5564 Series 

• Chips, Order 2N563XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

V 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

>g 

10 

mA 

Power Dissipation 

Pd 

625 

mW 

Power Derating 


5.68 

mW/°C 

Operating Junction Temperature 

Tj 

-65 to 135 

1 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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fTT'Siliconix 

J—& incorporated 


ELECTRICAL CHARACTERISTICS 1 


2N5638 SERIES 



PARAMETER 


STATIC 


Gate-Source 

Breakdown Voltage (BR)GSS 

Saturation Drain i~ 00 

Current 3 DSS 


Gate Reverse Current Iqss 

Gate Operating I 

Current 4 1(3 

Drain Cutoff Current Id(OFF) 


Drain-Source 

On-Voltage 


Drain-Source 

On-Resistance 

Gate-Source 
Forward Voltage 4 


Common-Source 

Forward 

Transconductance 4 


Common-Source 
Output Conductance 4 

Drain-Source 

On-Resistance 




Equivalent Input 
Noise Voltage 4 


SWITCHING 


Turn-on Time 

Turn-off Time 



TEST CONDITIONS 


I G = -10 jiA , V DS = 0 V 


V DS = 20 V, V GS = 0 V 


Vqs = - 

V DS = 


V DG = 15 V, l D = 10 mA 



TYP'H MIN MAX MIN MAX 


2N5640 

MIN MAX UNIT 


V DS = 15 V 
T a = 100°C 


v GS = -i^ \ 

' Vgs = -6 V 
Vqs = -8 V 
Vgs = -12\ 
I n = 3 mA 


V G q = 0 V l D = 6 mA 0.30 


V G s = 0 V, I D =1 mA 


I G = 1 mA, V DS = 0 V 


-55 

-30 


-30 


-30 



50 


25 


5 


-0.005 


-1 


-1 


-1 

-0.01 


-1 


-1 



-5 







0.005 






1 

0.005 




1 



0.005 


1 





0.01 






1 

0.01 




1 



0.01 


1 





IEQ 







0.30 




0.5 


■■ 

i • I • H 

0.35 


0.5 







30 


60 


100 

0.7 








< 

D 

D 

11 

20 V, 

1 D = 

1 mA 


f = 1 

kHz 


V GS 

= 0 V, 

Id = 

0 mA 


f = 1 

kHz 


V DS = 

0 v. v GS = 

-12 V 


f = 1 

MHz 


V DG = 

10 V, 

•d = 

10 mA 

f 

= 1 kHz 



V DD = 10 V, V GS(ON ) = 0 V 2_ 

P/N lD(ON) V GS(OFF) r l 2 

2N5638 12 mA -10 V 800 XI 6 

2N5639 6 mA -10 V 1600 XI 

2N5640 3 mA -10 V 3200 X1 13 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jiS , duty cycle £3%. 

4. This parameter not registered with JEDEC. 
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2N5911 SERIES mSS& 

N-Channel JFET Pairs 


The 2N5911 Series are JFET matched pairs 
mounted in a single TO-78 package. This two chip 
design reduces parasitic performance at high 
frequency while ensuring extremely tight matching. 
The 2N5911 features high speed amplification (slew 
rate), high gain (typically > 6 mS), and low gate 
leakage (typically < 1 pA). This performance 
makes these devices perfect for use as wideband 
differential amplifiers in demanding test and 
measurement applications. Finally, its TO-78 
hermetically sealed package is available with 
military screening per MIL-S-19500. (See 
Section 1 .) 

For additional design information please see 
performance curves NZF, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• SO-8, See SST5912 

• Monolithic, See M5911 Series 

• Low Noise, See U401 Series 

• Low Leakage, See U421 Series 

• Chips, Order 2N591XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

°|1 

|VgSi - VqS 2 | 
MAX 
(mV) 

2N5911 

-25 

5 

-100 

10 

2N5912 

-25 

5 

-100 

15 


TO-78 


BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 CASE 

5 SOURCE 2 

6 DRAIN 2 

7 GATE 2 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

| 

Gate-Source Voltage 

Vgs 

-25 

Gate-Gate Voltage 

Vgg 

+ 80 

Forward Gate Current 

Ig 

50 


Power Dissipation 

Per Side 

Pd 

367 

mW 

Total 

500 

Power Derating 

Per Side 


3 

mW/°C 

Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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CT" Siliconi x 

wM incorporated 


2N5911 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






2N5911 

2N5912 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 

Breakdown Voltage 


l G = -IMA, V DS = 0 V 

-35 

-25 


-25 



Gate-Source 

Cutoff Voltage 


v DS = 10 V, 

l D = 1 nA 


-1 

-5 

E9 


V 

Saturation Drain 
Current 3 

•dss 

V DS = 10 V, v GS = 0 V 

15 

7 

40 



mA 

Gate Reverse 

•gss 

V GS = -15 V 


-1 


-100 



PA 

Current 

V DS = 0 V 

T a = 150°C 

-2 


-250 



nA 

Gate Operating 

1 

V DG = 10V 


-1 


-100 



PA 

Current 

'g 

1 D = 5 mA 

T a = 125°C 



-100 




Gate-Source Voltage 

V GS 

V DG = 10 V, 1 

d = 5 mA 

D 

-0.3 

n 

-0.3 

-4 

■ 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

D 




■ 

■ 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9f s 

V DG = 10 V, 1 

D = 5 mA 

D 


10 

D 

10 



Common-Source 
Output Conductance 



Common-Source 

Forward 

Transconductance 



Common-Source 
Output Conductance 



Common-Source 
Input Capacitance 




Common-Source 
Reverse Transfer 
Capacitance 

^rss 

f = 1 MHz 

n 


Equivalent Input 

Noise Voltage 


V D g= 10 V, 1 D = 5 mA 
f = 10 kHz 

4 


Noise Figure 

NF 

V DG = 10 V, l D = 5 mA 
f = 10 kHz, R g = 100 kXl 


■ 


MATCHING 


Differential 

Gate-Source Voltage 

| V GS1“ V GS2 | 

V DG = 10 V, l D = 5 mA 

D 


Gate-Source Voltage 
Differential Change 
with Temperature 

a | V GS1 -V GS2 | 

V DG = 10 V 

T = -55 to 25°C 



AT 

l D = 5 mA 

T = 25 to 125°C 

15 


Saturation 

Drain Current Ratio 


v DS = 10 V, V GS = 0 V 


0.95 

Transconductance 

Ratio 

■ 

V DG = 10 V, l D = 5 mA 
f = 1 kHz 

0.98 

0.95 

Differential 

Gate Current 

| 1 G1 “ 1 G2 | 

V DG = 10 V, l D = 5 mA 

T a = 125°C 

0.005 


Common Mode 

Rejection Ratio 

CMRR 

V DD = 5 to 1 0 V, 1 D = 5 mA 

85 






NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
3. Pulse test; PW =300;jls , duty cycle £3%. 
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2N6905 SERIES 


CT'Siliconix 

Jk LJr incDrparatEd 


N-Channel JFET Pairs 


The 2N6905 Series of high-performance monolithic 
dual JFETs features extremely low noise, tight 
offset voltage and drift over temperature 
specifications. It is targeted for use in a wide range 
of precision instrumentation applications. The 
2N6905 Series has a wide selection of both offset 
and drift ranges with the prime device, the 2N6905, 
featuring 5 mV offset and 10 jj.V/°C drift. The three 
devices allow designers to make important 
cost/benefit decisions. This series is available in a 
TO-71 hermetically sealed package and is available 
with military screening. (See Section 1.) 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

lG 

MAX 

(PA) 

|VgSi - v gs 2 | 

MAX 

(mV) 

2N6905 

-35 

2 

-5 

5 

2N6906 

-35 

2 

-5 

10 

2N6907 

-35 

2 

-5 

25 


TO-71 BOTTOM VIEW 


For additional design information please see 
performance curves NNR, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• High-Gain, See 2N5911 Series 

• SO-8, See SST404 Series 

• Chips, Order 2N690XCHP 



1 

2 

3 

4 

5 

6 


SOURCE 1 
DRAIN 1 
GATE 1 
SOURCE 2 
DRAIN 2 
GATE 2 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-35 

V 

Gate-Source Voltage 

V GS 

-35 

Forward Gate Current 

Ig 

10 

mA 

Power Dissipation 

Per Side 

Pd 

300 

mW 

Total 

500 

Power Derating 

Per Side 


2.6 

mW/°C 

Total 

5 

Operating Junction Temperature 

Tj 

-55 to 150 

n 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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(SS& 2N6905 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N6905 

2N6906 

2N6907 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -IMA, V DS = 0 V 

-55 



-35 


-35 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D = 1 nA 

-1.5 



-0.2 

-3 

-0.2 

-3 

Saturation Drain 3 
Current 

■dss 

V DS = 10 V, V GS = 0 V 

3.5 



0.5 

10 

0.5 

10 

mA 

Gate Reverse 

Current 

^SS 

V GS = -15 V 


-2 




-15 


-15 

E9 

V DS = 0 V 

T a = 125°C 

-1 







nA 

Gate Operating 
Current 

'g 

V DG = 15 V 


-2 


-5 


n 


-5 

PA 

l D = 200MA | 

T a = 125°C 

-0.8 


m 


■9 


-5 

nA 

Drain-Source 

On-Resistance 4 

r DS(ON) 

Vqs = o V, l D = 0.1 mA 

250 







XI 


V GS 

V DG = 15 V, l D = 200 MA 

-1 


HI 





V 

BBRHi 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 







DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

> 

o 

ii 

J* 

> T " 
o l 

n 

CO 

Q 

> 

4 

2 

n 

2 

B 

2 

B 

29 

Common-Source 
Output Conductance 

9os 

4 


20 


20 


20 


Common-Source 

Input Capacitance 

^ISS 

V DG = 15 V, l D = 200 MA 
f = 1 MHz 

4 


8 


8 


8 

PF 

Common-Source 

Reverse Transfer 
Capacitance 

^rss 

1.5 


3 


3 


3 

Equivalent Input 

Noise Voltage 


V DS = 10 V, V GS = 0 V 
f = 10 Hz 

10 


15 




15 

nV/ 

'Vi£ 

MATCHING 

Differential 
Gate-Source Voltage 

| V GS1“ V GS2 | 

V DG = 10 V, l D = 200 MA 


i 

5 


10 


25 

mV 

Gate-Source Voltage 
Differential Change 
with Temperature 

A | V GSr V GS2| 

V DG = 10 V 
l D = 200 MA 

T = -55 to 25°C 



10 


25 


25 

ay 

/°c 

AT 

T = 25 to 125°C 



10 


25 


50 

Saturation 

Drain Current Ratio 4 

Ipssi 

•dSS2 

V DS = 10 V, V GS = 0 V 

0.97 








Transconductance 

Ratio 4 

9 f si 

9fs2 

V DG = 10 V, l D = 0.2 mA 
f = 1 kHz 

0.97 








Differential 

Output Conductance 4 

| Qosl “ 9os2| 

0.1 







MS 

Differential 

Gate Current 4 

| • G1~ 1 G2 | 

V DG = 15 V, l D = 0.2 mA 
T a = 25°C 

1 







PA 

Common Mode 
Rejection Ratio 

CMRR 

V DG = 10 to 20 V, l D = 200 MA 

102 

95 


95 




dB 


NOTES: 1 . T A = 25 °C unless otherwise noted. 


2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 300 jjls , duty cycle ^ 3% . 

4. This parameter not registered with JEDEC. 
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2N6908 SERIES ITi£SSS£s 

N-Channel JFET Circuits 


The 2N6908 Series is much more than a JFET. The 
addition of back-to-back diodes effectively clamps 
input "over-voltage” while a high-performance 
JFET provides an effective amplification stage. 
With the addition of a source resistor, a complete 
common-source amplifier is created which provides 
both low leakage .and very low noise. This 
performance is especially effective as a small 
signal pre-amplifier as well as impedance matching 
between low and high impedance sources. Finally, 
its TO-72 package is hermetically sealed and is 
available with full military screening per 
MIL-S-19500. (See Section 1.) 

For additional design information please see 
performance curves NBB, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• SOT-143, See SST6908 Series 

• Chips, Order 2N69XXCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(US) 

• dss 
MAX 
(mA) 

2N6908 

-1.8 

-30 

100 

2 

2N6909 

-2.3 

-30 

400 

3.5 

2N6910 

-3.5 

-30 

1200 

5 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 DIODES 


D 



S 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

V 

Gate-Source Voltage 

Vgs 

-30 

Forward Gate Current 

Ig 

10 

mA 

Power Dissipation 

Pd 

300 

mW 

Power Derating 


2.4 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 


-55 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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2N6908 SERIES 


CT'Siliconix 

JUB incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N6908 

2N6909 

2N6910 

UNIT 





MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

O 

it 

at 
* > 
ii ' 

<co 

ii 

o 

< 

-50 

-30 






V 

Gate-Source 

Cutoff Voltage 


V DS = 10 V, l D = 1 nA 

v G4 = o V 


-0.3 

-1.8 

-0.6 

-2.3 

-0.9 

-3.5 

Saturation Drain 
Current 3 4 


v DS = 10 V, V G s = 0 V 

V G4 = o V 


0.05 


0.2 


B 

B 


Gate Reverse Current 


V GS = -15 V 

-2 


-25 




-25 

ES 

Vg! = 0V T a = 125°C 

-1 







El 

Gate Operating 
Current 

•g 

V D g = 15 V, l D = 50 JIA 

B 







pA 

Forward Gate Diode 
Current 4 


V G4 = ± 100 mV 

B 


+ 10 


+ 10 


± 10 

Gate-Source 

Forward Voltage 


1 G = ± 0.5 mA , V DS = 0 V 

V G4 = 0 V 

+ 0.7 


+ 1.2 


+ 1.2 


+ 1 .2 

V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9f S 

V DS = 15 V, V GS = 0 V 

V G4 = 0 V, f = 1 kHz 


0.1 

3 

0.4 

3.5 

1.2 

4 

mS 

Common-Source 
Output Conductance 

9os 



50 


75 


100 

MS 

Common-Source 

Input Capacitance 

C|SS 

V DS = 10 V, v GS = 0 V 

V G4 = 0 V, f = 1 MHz 

3.2 


B 


5 


B 

PF 

Common-Source 
Reverse Transfer 
Capacitance 

Q-ss 

1.5 


B 


2 


B 

Equivalent Input 

Noise Voltage 

®n 

V DS = 10 V, V GS = 0 V 
f = 100 Hz 

12 


B 


25 


1 

ny 

'VHz 

Noise Figure 

NF 

V DS = 15 V, V GS = 0 V, f = 1 kHz 
R G = 1 MX1 

0.1 


1 


1 


1 

dB 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £3%. 

4. Forward diode current when a voltage is applied between gate and fourth lead. 













































BF244 SERIES 


CX'Siliconix 

JLm incorporated 


N-Channel JFETs 


The BF244 Series of n-channel JFETs is selected 
into narrow current ranges to simplify design and 
biasing requirements of high performance JFET 
amplifier stages. The BF244A, BF244B, and 
BF244C have been selected into Idss ranges of 
2 to 6.5 mA, 6 to 15 mA, and 12 to 25 mA 
respectively. Additionally, this series features high 
gain (>3 mS) and low capacitance. Finally, its 
TO-92 package offers the designer low cost and 
compatibility with automated assembly. (See 
Section 8.) 

For additional design information please see 
performance curves NH, which are located in 
Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

•dss 

MAX 

(mA) 

BF244A 

-8 

-30 

3 

6.5 

BF244B 

-8 

-30 

3 

15 

BF244C 

-8 

-30 

3 

25 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

■ 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

Ig 

10 


Power Dissipation 

Pd 

360 


Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


4-54 



















BF244 SERIES 


OTSiliconix 

*JLdr incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BF244A 

BF244B 

BF244C 

UNIT 



MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

I G = -1MA, V DS = 0 V 

-35 

-30 


-30 



■ 

V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V D s = 15 V, l D = 10 jjlA 


-0.5 

-8 


-8 


H 

Saturation Drain 
Current 3 

'dss 

V DS = 15 V, V GS = 0 V 


2 

6.5 

6 

15 



mA 

Gate Reverse Current 

•gss 

V GS = -20 V 

-0.002 


-5 


-5 


-5 

nA 

V DS = 0V T a = 125°C 

-1 







Gate Operating 
Current 

Ig 

V DG = 10 V, l D = 1 mA 

-20 







pA 

Gate-Source Voltage 

V GS 

V DS = 15 V, l D = 200 M 




-1.6 

EQ 

EH 

a 

V 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 




■ 



DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DS = 15 V, V GS = 0 V 
f = 1 kHz 


3 

6.5 

3 

D 




Common-Source 

Input Capacitance 

^iss 

V DS = 20 V, V GS = -1 V 
f = 1 MHz 

2 







1 

Common-Source 
Reverse Transfer 
Capacitance 

^rss 

0.8 







Common-Source 
Output Capacitance 

C 0S s 

1 







Equivalent Input 

Noise Voltage 

®n 

v DS = 10 v, v GS = 0 V 

f = 100 Hz 

10 







ny 

/ n/hI 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300^ls , duty cycle ^3%. 
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BF245 SERIES 


CX’Siliconix 

JL9 incorporated 


N-Channel JFETs 


The BF245 Series of n-channel JFETs is selected 
into narrow current ranges to simplify design and 
biasing requirements of high performance JFET 
amplifier stages. The BF245A, BF245B, and 
BF245C have been selected into Idss ranges of 
2 to 6.5 mA, 6 to 15 mA, and 12 to 25 mA 
respectively. Additionally, this series features high 
gain (>3 mS) and low capacitance. Finally, its 
TO-92 package offers the designer low cost and 
compatibility with automated assembly. (See 
Section 8.) 

For additional design information please see 
performance curves NH, which are located in 
Section 7. 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

>dss 

max 

(mA) 

BF245A 

-8 

-30 

3 

6.5 

BF245B 

-8 

-30 

3 

15 

BF245C 

-8 

-30 

3 

25 


TO-92 BOTTOM VIEW 



1 GATE 

2 SOURCE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

V 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

Ig 

10 


Power Dissipation 

Pd 

360 

2QH 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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BF245 SERIES 


CT'Siliconix 

JLJm incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BF245A 

BF245B 

BF245C 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 


i g = -iaa, V ds = 0 V 

-35 

-30 


-30 


-30 


V 

Gate-Source 

Cutoff Voltage 


V DS = 15 V, l D = 10M 


-0.5 

-8 

-0.5 

-8 

-0.5 

-8 

Saturation Drain 
Current 3 


V DS = 15 V, V GS = 0 V 




6 

15 

12 

25 

mA 

Gate Reverse Current 

■gss 

V GS = -20 V 

-0.002 


-5 


-5 


-5 

nA 

V DS = 0 V T a = 125°C 

-1 







Gate Operating 
Current 

■g 

V DG = 10 V, l D = 1 mA 

-20 







PA 

Gate-Source Voltage 

V GS 

V dg = 15 V, l D = 200 M 


-0.4 



m 


ES 

V 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 







DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DS = 15 V, V GS = 0 V 
f = 1 kHz 


3 

6.5 

3 

B 

3 

6.5 

mS 

Common-Source 

Input Capacitance 

C iss 


2 




M 



PF 

Common-Source 
Reverse Transfer 
Capacitance 

|^^j| 

V DS = 20 V, V GS = -1 V 
f = 1 MHz 

0.8 







Common-Source 
Output Capacitance 

C OS s 


1 







Equivalent Input 

Noise Voltage 

®n 

V DS = 10 v, v GS = 0 V 
f = 100 Hz 

10 







nV/ 


NOTES: 


T a = 25 °C unless otherwise noted. 

For design aid only, not subject to production testing. 
Pulse test: PW =300jis , duty cycle ^3%. 
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BSR56 SERIES 


Cf Si lie on ix 

JLJB incorporated 


N-Channel JFETs 


The BSR56 Series is a n-channel JFET mounted in 
our popular SOT-23 package. Its low cost and 
r DS(ON) make it a good choice for an all-purpose 
analog switch, while its high Ofs and good 
high-frequency response also make this product 
useful in a high-gain amplifier mode. Like all 
SOT-23 products available from Siliconix, tape and 
reel capabilities exist for automated assembly. 
(See Section 8.) 

For further design information please consult the 
typical performance curves NOB which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-18, See 2N4856 Series 

• TO-92, See PN4391 Series 

• Duals, See 2N5564 Series 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(H) 

Id (OFF) 
TYP 
(PA) 

*ON 

TYP 

(ns) 

BSR56 

-10 

25 

5 

4 

BSR57 

-6 

40 

5 

4 

BSR58 

-4 

60 

5 

4 


SOT-23 TOP VIEW 



1 GATE 

2 SOURCE 

3 DRAIN 


PRODUCT MARKING 

BSR56 

M4 

BSR57 

M5 

BSR58 

M6 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain, Drain-Source Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

>G 

50 

mA 

Power Dissipation 0 a = 65°C) 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 175 

■ 

Storage Temperature 


-55 to 175 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 



























Siliconix 

incorporated 


BSR 56 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






BSR56 

BSR57 

BSR58 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 


l G = -1 MA, V DS = 0 V 

-55 

-40 




-40 



Gate-Source 

Cutoff Voltage 


Yds = 15 V, 1 □ : 

= 0.5 nA 


-4 

-10 

n 

m 


-4 

V 

Saturation Drain 
Current 3 


V DS = 15 V, V GS = 0 V 


50 






mA 

Gate Reverse Current 

■gss 

V GS = -20 V 


-0.005 


-1 


-1 


-1 


V DS = 0 V 

| T A = 125°C 

-3 








Drain Cutoff Current 

H 

V DS = 15 V, V GS = -10 V 

0.005 


1 


1 


1 

nA 

V DS = 15 V, V G s = -10 V 

T a = 125°C 

3 









mm 


I D = 20 mA 

500 


750 






Drain-Source 

On-Voltage 


V GS = 0 V 

I D =10 mA 

350 




500 



mV 

IN 


1 D = 5 mA 

250 






400 


Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V, 1 □ 

= 1 mA 





40 


60 

n 

DYNAMIC 

Drain-Source 

On-Resistance 

r ds(ON) 

V GS = 0 V, l D 
f = 1 kHz 

= 0 mA 



25 


40 


60 

SI 

Common-Source 

Input Capacitance 

C iss 

Vqs = 20 V, V GS = 0 V 
f = 1 MHz 

13 







PF 

Common-Source 
Reverse Transfer 
Capacitance 

Crss 

V DS = 0 V, V GS = -10 V 
f = 1 MHz 

3.5 


5 


n 


5 

SWITCHING 

Turn-on Time 

l ON 

Vqd = 10 V, V G s(on) = 0 V 

P/N !d(on) v gs(OFF) 

4 







ns 

Turn-off Time 

tOFF 

BSR56 20 mA 

BSR57 10 mA 

BSR58 5 mA 

-10 V 
-6 V 
-4 V 

19 


25 


50 


100 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 100 ms, duty cycle £3%. 
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CR022 SERIES ir§!££& 

Current Regulator Diodes 


The CR022 Series is a family of precision current 
regulators designed for demanding applications in 
test equipment and instrumentation. These 
devices combine the proven performance of a JFET 
with an integrated resistor to produce a single 
two-leaded device which is extremely simple to 
operate. With nominal current ranges from 
0.22 mA to 5.30 mA, the CR022 Series will meet a 
wide array of design requirements. In addition to its 
two-lead construction, this series features 10% 
current ranges, improved current control over wide 
temperature ranges, and simple “floating” 
operation as no power supplies are required for 
biasing. Finally, its TO-18 hermetically sealed 
package is available with military processing per 
MIL-S-19500. (See Section 1.) 


PART 

>F 

(mA) 

PART 

If 

(mA) 

PART 

>f 

(mA) 

CR022 

0.22 

CR075 

0.75 

CR200 

2.00 

CR024 

0.24 

CR082 

0.82 

CR220 

2.20 

CR027 

0.27 

CR091 

0.91 

CR240 

2.40 

CR030 

0.30 

CR100 

1.00 

CR270 

2.70 

CR033 

0.33 

CR110 

1.10 

CR300 

3.00 

CR039 

0.39 

CR120 

1.20 

CR330 

3.30 

CR043 

0.43 

CR130 

1.30 

CR360 

3.60 

CR047 

0.47 

CR140 

1.40 

CR390 

3.90 

CR056 

0.56 

CR150 

1.50 

CR430 

4.30 

CR062 

0.62 

CR160 

1.60 

CR470 

4.70 

CR068 

0.68 

CR180 

1.80 

CR530 

5.30 


For additional design information please see typical 
performance curves (Section 7) as follows: 

CR022 - CR062 .... NKL 

CR068 - CR150 NKM 

CR160 - CR530 NKO 

SIMILAR PRODUCTS 

• TO-92, See J500 Series 

• 20% Ranges, See CRR0240 Series 

• Chips, Order CRXXXCHP 


TO-18 2 LEADS 


BOTTOM VIEW 



ANODE 
CATHODE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Peak Operating Voltage 

Pov 

100 

V 

Reverse Current 

Ir 

50 

mA 

Thermal Resistance 

RthJC 

100 

°C/W 

Power Dissipation at Tq = 25°C 

Pd 

1.25 

W 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 200 
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ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


SYMBOL 

If 

Z 

d 

Z 

k 

V L 

POV 

C F 

0 i 

PARAMETER 

REGULATOR 

CURRENT 

DYNAMIC 

IMPEDANCE 

KNEE 

IMPEDANCE 

LIMITING 

VOLTAGE 

PEAK 

OPERATING 

VOLTAGE 

CAPACITANCE 

TEMPERATURE 

COEFFICIENT 

TEST 

CONDITIONS 

V F = 25 V 
(Note 1) 

V F = 25 V 
(Note 2) 

v F = 

6 V 

l F = 0.8 I F (miN) 
(Note 3) 

Ip = 1.1 Ip(MAX) 
(Note 4) 

V F = 25 V 
f = 1 MHz 

V F = 25 V 

0°C< T a < 100°C 

UNITS 

mA 

MIL 

MX! 

V 

V 

pF 

ppm/°C 

NOM 

MIN 

MAX 

MIN 

TYP 

MIN 

TYP 

MAX 

TYP 

MIN 

TYP 

TYP 

TYP 

CR022 

0.22 

0.198 

0 242 

9 000 

18.00 

2.750 

3.50 

1.00 

0.40 




2200 

CR024 

0.24 

0.216 

0.264 

8.000 

15.50 

2.350 

3.00 

1.00 

0.45 




1800 

CR027 

0.27 

0.243 

0.297 

7.000 

13.00 

1.950 

2.50 

1.00 

0,50 




1450 

CR030 

0.30 

0.270 

0.330 

6.000 

11.50 

1.600 

2.00 

1.00 

0.55 




1100 

CR033 

0.33 

0.297 

0.363 

5 000 

10.00 

1.350 

1.80 

1.00 

0.60 

100 

180 

2.2 

800 

CR039 

0.39 

0.351 

0 429 

4 100 

9.00 

1.000 

1.50 

1.05 

0.65 

(All) 

(All) 

(All) 

500 

CR043 

0.43 

0.387 

0.473 

3.300 

8.00 

0.870 

1.30 

1.05 

0.70 




250 

CR047 

0.47 

0.423 

0.517 

2.700 

7.00 

0.750 

1.20 

1.10 

0.75 




0 

CR056 

0.56 

0.504 

0.616 

1.900 

6.00 

0.560 

0 90 

1.20 

0.82 




-200 

CR062 

0.62 

0.558 

0.682 

1 550 

4 50 

0.470 

0.70 

1.30 

0.90 




-600 

CR068 

0.68 

0.612 

0.748 

1 350 

10.00 

0.400 

1.80 

1.15 

0.85 




-350 

CR075 

0.75 

0.675 

0.825 

1 150 

9.00 

0.335 

1.60 

1.20 

0.90 




-450 

CR082 

0.82 

0.738 

0.902 

1.000 

7.80 

0.290 

1.40 

1.25 

0.95 




-550 

CR091 

0.91 

0.819 

1.001 

0 880 

6 60 

0.240 

1.20 

1.29 

1.00 




-650 

CR100 

1.00 

0.900 

1.100 

0.800 

5.50 

0.205 

■ 1.00 

1.35 

1.06 

100 

180 

4.2 

-750 

CR110 

1.10 

0.990 

1.210 

0.700 

4.80 

0.180 

0.90 

1.40 

1.12 

(All) 

(All) 

(All) 

-875 

CR120 

1.20 

1.080 

1.320 

0 640 

4 10 

0.155 

0.80 

1.45 

1.18 




-1000 

CR130 

1.30 

1.170 

1.430 

0.580 

3.50 

0.135 

0.80 

1.50 

1.25 




-1100 

CR140 

1.40 

1.260 

1.540 

0.540 

3.10 

0.115 

0.70 

1.55 

1.32 




-1200 

CR150 

1.50 

1.350 

1.650 

0.510 

2.70 

0.105 

0.60 

1.60 

1.40 




-1300 

CR160 

1.60 

1.440 

1.760 

0.475 

1.10 

0 092 

0.40 

1.65 

0.70 




1000 

CR180 

1.80 

1.620 

1.980 

0 420 

1 00 

0.074 

0.34 

1.75 

0.75 




650 

CR200 

2.00 

1.800 

2.200 

0 395 

0.90 

0.061 

0.28 

1.85 

0.80 




300 

CR220 

2.20 

1.980 

2.420 

0.370 

0.83 

0.052 

0.25 

1.95 

0.85 




100 

CR240 

2.40 

2.160 

2.640 

0 345 

0.76 

0.044 

0.22 

2.00 

0.90 




0 

CR270 

2.70 

2.430 

2.970 

0.320 

0 70 

0.035 

0.19 

2.15 

0.95 

100 

175 

6 

-200 

CR300 

3.00 

2.700 

3.300 

0 300 

0 65 

0.029 

0.16 

2.25 

1.00 

(All) 

(All) 

(AN) 

-400 

CR330 

3 30 

2.970 

3.630 

0.280 

0.60 

0.024 

0 14 

2.35 

1.05 




-550 

CR360 

3.60 

3.240 

3.960 

0 265 

0.54 

0.020 

0.13 

2.50 

1.10 




-730 

CR390 

3.90 

3.510 

4.290 

0 255 

0.47 

0.017 

0.12 

2.60 

1 17 




-820 

CR430 

4.30 

3.870 

4 730 

0 245 

0.40 

0.014 

0.10 

2.75 

1.25 




-1000 

CR470 

4.70 

4.230 

5 170 

0 235 

0 35 

0.012 

0.09 

2.90 

1.32 




-1125 

CR530 

5 30 

4 770 

5.830 

0.220 

0.30 

0.010 

0.07 

3.10 

1.40 




-1250 


NOTES- 1 
2. 

3. 

4. 


Pulse test - steady state currents may vary. 
Pulse test - steady state impedances may vary. 
Min V F required to insure l F > 0.8 I F (min) • 

Max V F where l F < 1.1 If(max) is guaranteed. 




□ 

-i 
Tl 
□ 

□ v 

Q.A 


0 

0 

3 




CR022 SERIES 























































































CRR0240 SERIES 


fTT'Siliconix 

JLM incorporated 


Current Regulator Diodes 


The CRR0240 Series is a family of precision current 
regulators designed for demanding applications in 
test equipment and instrumentation. These 
devices combine the proven performance of a JFET 
with an integrated resistor to produce a single 
two-leaded device which is extremely simple to 
operate. With nominal current ranges from 
0.24 mA to 4.3 mA, the CRR0240 Series will meet 
a wide array of design requirements. In addition to 
its two-lead construction, this series features ± 25% 
current ranges, current control over wide 
temperature ranges, and simple “floating” 
operation as no power supplies are required for 
biasing. Finally, its TO-18 hermetically sealed 
package is available with military processing per 
MIL-S-19500. (See Section 1.) 

For additional design information please see typical 
performance curves as follows (Section 7) : 


PART 

■f 

(mA) 

CRR0240 

0.24 

CRR0360 

0.36 

CRR0560 

0.56 

CRR0800 

0.80 

CRR1250 

1.25 

CRR1950 

1.95 

CRR2900 

2.90 

CRR4300 

4.30 


TO-18 2 LEADS BOTTOM VIEW 



CRR0240-CRR0560 . . 

NKL 


CRR0800-CRR1 250 . . 

NKM 


CRR1 950-CRR4300 . . 

NKO 

SIMILAR PRODUCTS 


• 

TO-92, See J500 Series 


• 

10% Ranges, See CR022 Series 

• 

Chips, Order CRRXXXXCHP 




ANODE 

CATHODE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Peak Operating Voltage 

Pov 

100 

V 

Reverse Current 

Ir 

50 

mA 

Thermal Resistance 

0jc 

100 

°C/W 

Power Dissipation at Tq= 25°C 

Pd 

1.25 

W 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 200 
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ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


SYMBOL 

If 

Zd 

z k 

v L 

POV 

C F 

9 1 

PARAMETER 

REGULATOR 

CURRENT 

DYNAMIC 

IMPEDANCE 

KNEE 

IMPEDANCE 

LIMITING 

VOLTAGE 

PEAK 

OPERATING 

VOLTAGE 

CAPACITANCE 

TEMPERATURE 

COEFFICIENT 

(TYPICALS) 

TEST 

CONDITIONS 

V F = 25 V 
(Note 1) 

V F = 25 V 
(Note 2) 

V F = 6 V 

l F = 0.8 l F (MIN) 
(Note 3) 

Ip = 1.1 Ip(MAX) 
(Note 4) 

V F = 25 V 
f = 1 MHz 

V F = 25 V 

0°C< T a < 100°C 

UNITS 

mA 

Mil 

Mil 

V 

v 1 

PF 

ppm/°C 

NOM 

MIN 

MAX 

MIN 

TYP 

TYP 

MAX 

TYP 

MIN 

TYP 

TYP 

TYP 

CRR0240 

CRR0360 

CRR0560 

0.24 

0.36 

0.56 

0.180 

0.270 

0.420 

0 300 
0.450 
0.700 

5.00 

2.50 

1.20 

15.50 

9.50 

6.00 

3.00 

1.70 

0 90 

1.00 

1 05 
1.30 

0 45 
0.65 
0.82 

100 

100 

100 

180 

180 

180 

2.2 

2.2 

2.2 

1800 

650 

-200 

CRR0800 

CRR1250 

0 80 
1.25 

0 600 
0.937 

1.000 

1.560 

0 80 
0.50 

7.80 

3.70 

1.40 

0.80 

1 35 
1.60 

0.95 

1.20 

100 

100 

180 

180 

4 2 

4.2 

-550 

-1050 

CRR1950 

CRR2900 

CRR4300 

1 95 

2 90 
4.30 

1 460 
2.160 
3.240 

2 440 
3.600 
5.400 

0.37 

0.28 

0.22 

0 90 
0.65 

0 40 

0.28 

0.16 

0.10 

1 95 
2.35 
3.00 

0 80 
1.00 
1.25 

100 

100 

100 

175 

175 

175 

6 0 

6 0 

6.0 

300 

-400 

-1125 


NOTES: i 
2 . 
3 
4. 


Pulse test - steady state currents may very. 
Pulse test - steady state impedances may vary. 
Min V F required to insure l F > 0.8 Ip(MiN) • 
MaxV F where l F > 1 1 Ip(MAX) guaranteed. 


E 


jeiSSSSS CRR0240 SERIES 





DPAD1 SERIES 


fTT'Siliconix 

JLM incorporated 


Dual Low-Leakage Pico-Amp Diodes 


The DPAD1 Series of extremely low-leakage diodes 
provides a superior alternative to conventional 
diode technology when reverse current (leakage) 
must be minimized. These devices feature leakage 
currents ranging from -1 pA (DPAD1) to -100 pA 
(DPAD100) to support a wide range of applications. 
With two diodes per package, the DPAD1 Series is 
well suited for use in applications such as input 
protection for operational amplifiers. Its hermetic- 
ally sealed metal can is available with full military 
processing per MIL-S-19500. (See Section 1.) 

SIMILAR PRODUCTS 

• TO-92, See JPAD5 Series 

• SOT-23, See SSTPAD5 Series 

• TO-18, See PAD1 Series 

• Chips, Order DPADXXCHP 


PART NO. 

Ir 

(PA) 

DPAD1 

-1 

DPAD2 

-2 

DPAD5 

-5 

DPAD10 

-10 

DPAD20 

-20 

DPAD50 

-50 ! 

DPAD100 

-100 


TO-78 (MODIFIED) BOTTOM VIEW 



4 CATHODE 2 

5 ANODE 2 

(DPAD1) 


TO-71 (MODIFIED) BOTTOM VIEW 



2 ANODE 1 

3 CATHODE 2 

4 ANODE 2 

(DPAD2, 5, 10, 20, 50, 100) 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Forward Current 

If 

50 

mA 

Total Device Dissipation 

Pd 

400 

m 

Storage Temperature 


-55 to 1 25 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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JH5S& DPAD1 SERIES 


ELECTRICAL CHARACTERISTICS 1 | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNIT 



MAX 

STATIC 

Reverse Current 

•r 

V R = -20 V 

DPAD1 

-0.2 


-1 

pA 

DPAD2 

-1 


-2 

DPAD5 

-2 


-5 

DPAD10 

-3 


-10 

DPAD20 

-5 


-20 

DPAD50 

-10 


-50 

DPAD100 

-15 


-100 

Reverse Breakdown Voltage 

BVr 

1 R = -1 

DPAD1 , 2, 5 


mm 

-120 

V 

DPAD10, 20 
DPAD50, 100 

-55 



Forward Voltage Drop 

Vf 

Ip = 1 mA 

0.7 


1.5 

DYNAMIC 

Reverse Capacitance 

Cr 

V R = -5 V 
f = 1 MHz 

DPAD1 , 2,5 



0.8 

PF 

DPAD10, 20 
DPAD50, 100 

1 


2 

Differential Capacitance 

| C R1 ~ C R2| 

V R1 =V R2 = -5 V, f = 1 MHz 



0.2 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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J105 SERIES 


CT'Siliconix 

JLM incorpDratEd 


N-Channel JFET 


The J105 Series is a high-performance JFET analog 
switch designed to offer low on-resistance and fast 
switching. r DS(ON) <3 fl is guaranteed with the 
J105 which makes this device the lowest of any 
commercially available JFET. This device is housed 
in a low-cost TO-92 package and offers a wide 
range of lead-forms and/or tape and reel options. 
(See Section 8.) 

For further design information please consult the 
typical performance curves NVA which are located 
in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(H) 

Id (OFF) 
TYP 
(PA) 

*ON 

TYP 

(ns) 

J105 

-10 

3 

10 

14 

J106 

-6 

6 

10 

14 

J107 

-4.5 

8 

10 

14 


TO-92 


BOTTOM VIEW 


SIMILAR PRODUCTS 

• TO-52, See U290 Series 

• Chips, Order J10XCHP 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

V GD 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

• g 

50 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16" from case for 10 seconds) 

Tl 

300 
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CTSilbanix 

M a incorporated 


ELECTRICAL CHARACTERISTICS 1 


J105 SERIES 



PARAMETER 


STATIC 


Gate-Source 

Breakdown Voltage (BR)GSS 


Gate-Source 
Cutoff Voltage 

Saturation Drain 
Current 3 


V GS(OFF) 


Gate Reverse Current | lc 


Gate Operating 
Current 


Drain Cutoff Current I 'd(OFF) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 

Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 


Turn-off Time 



TEST CONDITIONS 


I G = -1 AA , Vqs - 0 V 
V DS = 5 V, I D = 1 Ji A 
V DS = 15 V, V GS = 0 V 
V gs = -15V 

Vnc = 0 V I T. = 19 ^ 


V DG = 10 V, l D = 25 mA -0.01 


J105 

J106 

J107 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


V D q = 5 V, V GS = -10 V 

V DS = 5 V V GS = -10 V 
T a = 125°C 

V GS = 0V, V DS < 0.1 V 
l G = 1 mA, V DS = 0 V 


Vn R = 1 0 V, l n = 25 mA 


V GS = 0 V, l D =0mA 

f = 1 kHz 

V DS = 0 V, V GS = 0 V 
f = 1 MHz 

v DS = 0 v, V GS = -10 V 
f = 1 MHz 

V DG = 10 V, l D = 25 mA 
f = 1 kHz 




V DD 

= 1 .5 V, V GS( on) = 

0 V 

P/N 

Id(ON) 

V GS(OFF) 

Rl 

J105 

28 mA 

-12 V 

50 SI 

J106 

27 mA 

-7 V 

50 si 

J107 

26 mA 

-5 V 

50 SI 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjlS , duty cycle £3%. 


4-67 




































































J108 SERIES HmssA 

N-Channel JFET 


The J108 Series is designed with high-performance 
analog switching applications in mind. It features 
low on-resistance, good off-isolation, and fast 
switching. The TO-92 package affords low-cost and 
a wide range of lead-forms and tape and reel 
options. (See Section 8.) 

For further design information please consult the 
typical performance curves NIP which are located in 
Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

•d (OFF) 
TYP 
(PA) 

tON 

TYP 

(ns) 

J 1 08 

-10 

8 

20 

4 

J 1 09 

-6 

12 

20 

4 

J110 

-4 

18 

20 

4 

J110A 

-4 

25 

20 

4 


SIMILAR PRODUCTS 


• SOT-23, See SST108 Series 

• TO-52, See 2N5432 Series 
© Chips, Order J1XXCHP 


TO-92 BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

■ 

Gate-Source Voltage 

VgS 

-25 

Gate Current 

Ig 

50 

— 

Power Dissipation 

Pd 

360 

fUf 

Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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,_iliconix 

incorporated 


J 108 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






J108 

J109 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 JiA, V DS = 0 V 

-32 

-25 


-25 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 5 V, l D 

= 1 JJlA 


-3 

-10 

-2 

-6 

Saturation Drain 
Current 3 

loss 

V DS = 15 V, V GS = 0 V 


80 




mA 

Gate Reverse Current 

•gss 

V GS = -15 V 


-0.01 


-3 


-3 


V DS = 0 V j 

T a = 125°C 

-5 






Gate Operating 

Current 

Ig 

V DG = 10 V, l D = 

= 10 mA 

-0.01 





nA 

Drain Cutoff Current 

B 

V DS = 5 V, V GS 

= -10 V 

0.02 





V D s = 5 V V GS = -10 V 

T A = 125°C 

10 






Drain-Source 

On-Resistance 

gg 

v gs = 0 V, V DS 

= <0.1 V 



8 


12 

SI 

Gate-Source 

Forward Voltage 


l G = 1 mA, V DS = 0 V 






V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DG = 5 V, l D = 

10 mA 

17 





mS 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 

600 

■ 




JiS 

Drain-Source 

On-Resistance 


V GS = 0 V, l D = 0 mA 
f = 1 kHz 



8 


12 

SI 

Common-Source 

Input Capacitance 


V DS = 0 V, V GS = 0 V 
f = 1 MHz 

Sliil 


85 



PF 

Common-Source 
Reverse Transfer 
Caoacitance 


V DS = 0V, V GS = -10 V 
f = 1 MHz 

D 




15 

Equivalent Input 

Noise Voltage 

e n 

V D g = 5 V, 1 D = 1 0 m A 
f = 1 kHz 


■ 

§n 

■ 


ny 

/ Vh? 

SWITCHING 

Turn-on Time 

^d(ON) 

V DD = 1 .5 V, V GS(0 n) = 0 V 

3 






tr 

P/N Id(on) v gs(off) r l 

1 





ns 

Turn-off Time 


J108 10 mA -12 V 150 TL 

4 






J109 10 mA -7 V 150 XL 

18 







NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300jiS, duty cycie ^3%. 
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J108 SERIES 


ELECTRICAL CHARACTERISTICS 1 


Siliconix 

incorporated 






J110 

J110A 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN MAX 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current 1 I gss 


Gate Operating 
Current 


Drain Cutoft Current i D(OFF) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 


Turn-off Time 



Ig = -1 JJLA, V DS = 0 V 

V DS = 5 V, l D = 1 iiA 

V DS = 15 V, V GS = 0 V 

Vgs = -15V 

V DS = 0 V | T a = 125° 

V DG = 10 V, l D = 10 mA 


V D S = 5V, V gs = -10 V 


V DS = 5 V V GS = -10 V 
T a = 125°C 

V GS = 0 V, V DS =< 0.1 V 
l G = 1 mA, V DS = 0 V 


V D g = 5 V, l D = 10 mA 
f = 1 kHz 


V GS = 0 V, l D = 0 

f = 1 kHz 


V DS = 0 V, V GS = 0 V 
f = 1 MHz 


V DS = 0 V, V GS = -10 V 
f = 1 MHz 

V D g = 5 V, l D = 10 mA 
f = 1 kHz 



Vdd = 1 .5 V, V GS( on) = 0 V 

P/N >D(ON) V GS (OFF) R L 

td (° FF > I J110 10 mA -5 V 150 n 

ij J110A 10 mA -5 V 150X1 I 2 0 



NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 mS , duty cycle <3%. 
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Siliconi x 

m m incorporated 


The Jill Series is a low-cost, all-purpose analog 
switch designed to support a wide range of 
applications. It features low on-resistance, 
capacitance and good off-isolation. Additionally, 
our TO-92 package allows a variety of lead-forms or 
tape and reel combinations. (See Section 8.) 

For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


Jill SERIES 

N-Channel JFET 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(fi) 

1 D(OFF) 
TYP 
(PA) 

f ON 
TYP 
(ns) 

Jill 

-10 

30 

5 

4 

J112 

-5 

50 

5 

4 

J113 

-3 

100 

5 

4 


SIMILAR PRODUCTS 

© SOT-23, See SST111 Series 

® TO-18, See 2N4391 Series 

• Duals, See 2N5564 Series 
© Chips, Order J1 1XCHP 


TO-92 BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-35 

V 

Gate-Source Voltage 


-35 

Gate Current 

Iq 

50 


Power Dissipation 

Pd 

360 


Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 


-55 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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Jill SERIES 


ELECTRICAL CHARACTERISTICS 1 


Siliconix 

incDrparatEd 



PARAMETER 


STATIC 


Gate-Source 

Breakdown Voltage I (BR)GSS 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current I l G ss 


TEST CONDITIONS 



Gate Operating 
Current 


Drain Cutoff Current 


Drain-Source 

On-Resistance 

Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 

Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 


Turn-off Time 




1 G = 

-1 JiA 

• V DS 

= 0 V 

V DS 

; = 5 V, 

>d = 

1 JlA 

CO 

O 

> 

= 15 V 

v GS 

= 0 V 

V GS = ~ 

15 V 



V DS = C 

l V 

PF 

a = 125°C 

Vdg : 

= 15 V, 

1 D = 

10 mA 

V DS 

= 5 V, 

V GS = 

-10 V 

V DS 

= 5 V, 

V GS = 

-10 V 


T a = 

125°C 


V GS 

= 0 V, 

V D s = 

0.1 V 


G = 1 rnA, Vqs = 0 V 


V DG = 20 V, l D = 1 mA 
f = 1 kHz 


V GS = 0 V, l D = 0 V 
f = 1 kHz 


v DS = 0 V, V GS = -10 V 
f = 1 MHz 

V DG = 10 V, l D = 1 mA 
f = 1 kHz 


V DD = 10 V, V GS(ON) = 0 V 


P/N 

Id(on) 

V GS(OFF) 

Rl 

Jill 

12 mA 

-12 V 

800 ^ 

J112 

6 mA 

-7 V 

1600 SI 

J113 

3 mA 

-5 V 

3200 SI 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjlS , duty cycle £3%. 
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CX'Siliconix 

JLJp incorporated 


The J1 1 1 A Series is a low-cost, all-purpose analog 
switch designed to support a wide range of 
applications. In addition to low on-resistance and 
capacitance, this series guarantees higher 
breakdown voltage and significantly lower leakage 
than its counterpart, the Jill Series. Finally, its 
TO-92 package allows a variety of lead-forms or 
tape and reel combinations. (See Section 8.) 

For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


Jill A SERIES 

N-Channel JFET 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

ID (OFF) 
MAX 
(PA) 

t ON 

TYP 

(ns) 

J 1 1 1 A 

-10 

30 

200 

4 

J112A 

-7 

50 

200 

4 

J113A 

-5 

80 

200 

4 


TO-92 


BOTTOM VIEW 


SIMILAR PRODUCTS 


• SOT-23, See SST111 Series 

• TO-18, See 2N4391 Series 

• Duals, See 2N5564 Series 

• Chips, Order J11XACHP 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

1 G 

50 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

°C 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16" from case for 10 seconds) 

Tl 

300 
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Jill A SERIES 


ELECTRICAL CHARACTERISTICS 


Siliconix 

incorporated 



PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current I I gss 


TEST CONDITIONS 




G = -1 .UA, V DS = 0 V 

-55 



-40 


-40 


Gate Operating 
Current 


Drain Cutoff Current I >d(OFF) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


V DS = 5 V, l D = 1 MA 
V DS = 15 V, V GS = 0 V 
Vqs = -15V 

V DS = 0 v |t a ^125°( 

V D g = 15 V, l D = 10 mA 

V DS =5 V, V GS = -10 V 


V DS = 5 V, V G s = -10 V 
T a = 125°C 

Vqs = 0 V, V DS = 0.1 V 
= 1 mA, V DS = 0 V 


IB 
■3 


Common-Source 

Forward 

Transconductance 

9fs 

V D g = 20 V, l D = 1 mA 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 

Drain-Source 

On-Resistance 

r ds(ON) 

V GS = 0 V, l D = 0 V 
f = 1 kHz 

Common-Source 

Input Capacitance 


V DS = 0 V, Vqs = -10 V 

Common-Source 
Reverse Transfer 
Capacitance 

Crss 

f = 1 MHz 

Equivalent Input 

Noise Voltage 


V DG = 1 0 V, 1 D = 1 mA 
f = 1 kHz 


SWITCHING 


Turn-on Time 

Turn-off Time 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 jjlS, duty cycle <3%. 



o 

Q 

> 

= 10 V, 

V GS(ON) = 

0 V 

P/N 

■d(ON) 

V GS(OFF) 

Rl 

J 1 1 1 A 

12 mA 

-12 V 

800 SI 

J112A 

6 mA 

-7 V 

1600 si 

J113A 

3 mA 

-5 V 

3200 SI 
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Cl" Silicon ix 

JJm incorporated 


The J174 Series is a low-cost p-channel analog 
switch designed to provide low on-resistance and 
fast switching. It also works well in conjunction with 
Siliconix’ Jill Series for complimentary switching 
applications. It features a TO-92 package which is 
available with various lead-forms and/or tape and 
reel options. (See Section 8.) 

For further design information please consult the 
typical performance curves PSCIA which are 
located in Section 7. 


J174 SERIES 

P-Channel JFET 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

Id (OFF) 
MAX 
(nA) 

*ON 

TYP 

(ns) 

J174 

10 

85 

-1 

25 

J175 

6 

125 

-1 

25 

J 1 76 

4 

250 

-1 

25 

J 1 77 

2.25 

300 

-1 

25 


SIMILAR PRODUCTS 


• TO-18, See 2N5114 Series 

• SOT-23, See SST174 Series 

• Chips, Order J17XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 GATE 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

30 

V 

Gate-Source Voltage 

VgS 

30 

Gate Current 

Ig 

-50 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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J174 SERIES 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 

Saturation Drain 
Current 3 


Siliconix 

incorporated 


Gate Reverse Current I I gss 


Gate Operating 
Current 


Drain Cutoff Current 'd(off) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 

Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 

Turn-off Time 



TEST CONDITIONS 


l G = 1 J1A, V DS = 0 V 
V DS = -15 V, I D = -10 nA 
V DS = -15 V, V GS = 0 V 


V GS = 20 V 

Vps = 0 v | T A = 125°C~ 

V DG = -15 V, l D = -1 mA 

V DS = -15 V, V GS = 10 V 


V D s = -15 V, V GS = 10V 
T A = 125°C 

V gs = 0 V, V DS = -0.1 V 
l G = -1 mA, V DS = 0 V 


V DS = -15 V, l D = -1 mA 
f = 1 kHz 


V GS = 0 V, l D = 0 mA 

f = 1 kHz 

V n .q = 0 V, V GS = 0 V 


V DS = 0 V, V GS = 10 V 
f = 1 MHz 

V DS = -10 V, l D = -1 mA 
f = 1 kHz 




V GS(ON) = 0 V 


P/N 

V DD 

V GS(OFF) 

r l 

J174 

-10 V 

12 V 

560 n 

J175 

-6 V 

8 V 

1200 n 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jiS, duty cycle ^3%. 
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fUT'Siliconix 

M m incorporated 


ELECTRICAL CHARACTERISTICS 1 


J174 SERIES 




PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current Igss 


Gate Operating . 

Current G 

Drain Cutoff Current !d(OFF) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

Transconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 




TEST CONDITIONS 



TYP ^ I MIN MAX MIN MAX UNIT 


■g 

= 1 JJ.A , ’ 

Vds : 

= 0 V 

Vds 

= -15 V, 

1 D = 

-10 nA 

Vds 

= -15 V, 

V GS 

= 0 V 

V GS = 

20 V 



V DS = 

0 V 

_[ 

T a = 125°C 

V DG 

= -15 V, 

Id = 

-1 mA 

CO 

o 

> 

= -15 V, 

V G s 

= 10 V 

V DS 

= -15 V, 

V GS 

= 10 V 


T a = 125°C 


V GS 

= 0 V, V DS = 

-0.1 V 

'g : 

= -1 mA , 

V DS 

= 0 V 


< 

□ 

CO 

ii 

-** CD 

1L< 

1 D = -1 mA 
kHz 

V GS = 0 V, 

l D = 0 mA 

f = 1 

kHz 

V DS = 0 V, 

v GS = o V 

f = 1 

1 MHz 

v DS = o V, ' 

v GS = io v 

f = 1 

MHz 

v DS = -io V, 

1 D = -1 mA 

f = 1 

kHz 



Vgs(ON) = 0 V 


P/N 

V DD 

V GS(OFF) 

Rl 

J176 

-6 V 

6 V 

5600 XL 

J177 

-6 V 

3 V 

10000 XL 



IBBI 


2.25 


1.5 -20 mA 


300 ^ 

V 



I 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300iiS, duty cycle ^3%. 
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J201 SERIES 


CT'Siliconix 

JLM incorporated 


N-Channel JFETs 


The J201 Series of popular, low-cost JFETs offers 
high performance in a wide range of applications. 
With features such as 100 pA gate leakage, -40 V 
breakdown voltage, and 5 nV/v/Hz noise, these 
devices are especially characterized for sensitive 
amplifier stages. The J201 and J204 with low cut 
off voltages, are ideal for battery operated 
equipment and low current amplifiers. The J201 
Series in the TO-92 package offers both value and 
compatibility with automated assembly. 

For further design information please consult the 
typical performance curves NPA which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-18, See 2N4338 Series 

• SOT-23, See SST201 Series 

• Chips, Order J20XCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(m3) 

• dss 
MAX 
(mA) 

J201 

-1.5 

-40 

0.5 

1 

J202 

-4 

-40 

1 

4.5 

J203 

-10 

-40 

1.5 

20 

J204 

-2 

-25 

0.5 

3 


TO-92 BOTTOM VIEW 



2 SOURCE 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

J201-3 

J204 

Gate-Drain Voltage 

Vgd 

-40 

-25 

V 

Gate-Source Voltage 

Vgs 

-40 

-25 

Gate Current 

Ig 

50 


Power Dissipation 

Pd 

360 


Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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J201 SERIES 


CT" Silicon ix 

JLJr incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


J201 

J202 

UNIT 

TYP 2 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 


l G = -UiA, V DS = 0 V 

-57 

-40 




V 

Gate-Source 

Cutoff Voltage 

Egg 

V DS = 20 V, l D = 10 nA 





B 

Saturation Drain 
Current 3 

g 

V DS = 20 V, V GS = 0 V 



B 


1 


Gate Reverse Current 

Igss 

V r ,s = -20 V 

-2 




-100 

B 

V D s = 0 V T a = 125°C 

-1 






Gate Operating 

Current 

•g 

V DG = 15 V, l D = 0.1 mA 

-2 






Drain Cutoff Current 

•d(OFF) 

V DS = 15 V, V GS = -10 V 

2 

■ 



B 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 





1 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DS = 20 V, V GS = 0 V 
f = 1 kHz 

■ 



B 


mS 

Common-Source 

Input Capacitance 

c iss 

V DS = 20 V, V GS = 0 V 

□ 




B 

PF 


mm 

f = 1 MHz 

1.3 

■ 

■ 

B 


Equivalent Input 

Noise Voltage 

e n 

V DS = 10 v, V GS = 0 V 
f = 1 kHz 






n y 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle £3%. 













































J201 SERIES JFgSSSfiS 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


J203 

J204 

UNIT 

TYP 2 





STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1ilA, V DS =0 V 

-57 

-40 


-25 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, l D = 10 nA 






Saturation Drain 
Current 3 

■dss 

V DS = 20 V, V GS = 0 V 


1 

20 

0.2 


mol 

Gate Reverse Current 

'gss 

Vn R = -20 V 

-2 


-100 


-100 

m 

V DS = 0 V T A = 125°C 

-1 





mji 

Gate Operating 

Current 

>G 

V DG = 15 V, l D = 0.1 mA 

-2 





PA 

Drain Cutoff Current 

•d(OFF) 

V DS = 15 V, V GS = -10 V 

2 

■ 

■ 



Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0V 

0.7 





V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

flfs 

V DS = 20 V , V GS = 0 V 
f = 1 kHz 

N 

1.5 

■ 

0.5 


mS 

Common-Source 

Input Capacitance 

Cjss 

V DS = 20 V, V os = 0 V 
f = 1 MHz 

□ 





PF 

— 

C r ss 

n 





Equivalent Input 

Noise Voltage 

®n 

V DS = 10 V, V GS = 0 V 
f = 1 kHz 

SI 





n y 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300iis , duty cycle £3%. 
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fT Siliconix 

JLB incorporated 


The J210 Series of n-channel JFETs provides good 
general purpose amplifiers for a wide range of test 
and instrumentation applications. This series 
features low-leakage (Igss < 100 pA), high gain 
(gf S > 7 mS for J212), and low noise. Additionally, 
its low cost TO-92 package ensures value as well as 
compatibility with automated assembly techniques. 
(See Section 8.) 

For additional design information please see 
performance curves NZF, which are located in 
Section 7. 


J210 SERIES 

N-Channel JFETs 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

Idss 

MAX 

(mA) 

J21 0 

-3 

-25 

4 

15 

J21 1 

-4.5 

-25 

6 

20 

J21 2 

-6 

-25 

7 

40 


SIMILAR PRODUCTS 

• Duals, See 2N5911 Series 
© Chips, Order J21XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

■ 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

Ig 

10 


Power Dissipation 

Pd 

360 

ms 

Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16" from case for 10 seconds) 

t l 

300 
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J210 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS j 

PARAMETER 


TEST CONDITIONS 

TYP 2 

J210 

J211 

J212 

UNIT 



MIN 

MAX 



STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

I G = -1MA, v ds = 0 V 

-35 

-25 


-25 


-25 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D = 1 nA 


-1 

-3 

-2.5 


n 

-6 

Saturation Drain 
Current 3 

•dss 

V DS = 15 V, V GS = 0 V 


2 

15 

7 

20 

15 

40 

mA 

Gate Reverse Current 

>GSS 

■nnHi 

-1 


-100 


-100 



PA 


IBH 







jH 

Gate Operating 
Current 

Ig 

V DG = 10 V, l D = 1 mA 








PA 

Drain Cutoff Current 

1 D(OFF) 

V DS = 10 V, Vqs = -8 V 

i 







Gate-Source 

Forward Voltage 

V GS(F) 

l Q = 1 mA, V DS = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

0fs 

V DS = 15 V, V GS = 0 V 
f = 1 kHz 


4 

a 

6 

12 

7 

12 

mS 

Common-Source 
Output Conductance 

9os 



||PJ| 


200 



US 

Common-Source 

Input Capacitance 

C|ss 

V DS = 15 V, V GS = 0 V 
f = 1 MHz 

4 







PF 

Common-Source 

Reverse Transfer 

Caoacltance 


1.5 







Equivalent Input 

Noise Voltage 

®n 

V DS = 15 V, V GS = 0 V 
f = 1 kHz 

5 







n y 
/ VhI 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300iis , duty cycle £3%. 
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CZ'Siliconix 

JLB incorporated 


The J230 Series of popular, low-cost JFETs offers 
high performance in a wide range of applications. It 
features low leakage, noise and cutoff voltage for 
use with low level power supplies. Its TO-92 
package offers both value and compatibility with 
automated assembly. 

For further design information please consult the 
typical performance curves NPA which are located 
in Section 7. 


J230 SERIES 

N-Channel JFETs 


PART 

NUMBER 

VGS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(m3) 

Idss 

MAX 

(mA) 

J230 

-3 

-40 

1 

3 

J231 

-5 

-40 

1.5 

6 

J232 

-6 

-40 

2.5 

10 


SIMILAR PRODUCTS 

® TO-18, See 2N4338 Series 

o SOT-23, See SST201 Series 
® Chips, Order J23XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

VgD 

-40 

V 

Gate-Source Voltage 

VgS 

-40 

Gate Current 

>g 

50 

mA 

Power Dissipation 

Pd 

360 


Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 

°c 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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J230 SERIES 


CZ'Siliconix 

JLM incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

J230 

J231 

J232 

UNIT 



MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

| G = -1 JlA , V DS =0 V 

-57 

-40 




-40 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, 1 D = 1 M A 



B 

BB 

B 


B 

Saturation Drain 
Current 3 

•dss 

V DS = 20 V, V GS = 0 V 


a 

B 

B 

B 


B 

mA 

Gate Reverse Current 

•gss 

V GS = -30 V 

-2 


BS!i 




-250 

E9 


-1 








Gate Operating 
Current 

•g 

V DG = 10 V, l D = 0.5 mA 

-1 







B 

Drain Cutoff Current 

!d(OFF) 

V D g = 15 V, V GS = -10 V 








Gate-Source 

Forward Voltage 

V GS(F) 

— 1 ™ 

s 







D 

DYNAMIC 

ESS 

9fs 

V DS = 20 V, V GS = 0 V 
f = 1 kHz 


i 

3.5 


B 


5 

mS 

Common-Source 

Input Capacitance 


V DS = 20 V, V GS = 0 V 

E9 







■ 

Common-Source 
Reverse Transfer 
CaDacitance 

^rss 

f = 1 MHz 








Equivalent Input 

Noise Voltage 


V DS = 10 V, V GS = 0 V 
f = 10 Hz 





30 



M 


NOTES: 


T A = 25 °C unless otherwise noted. 

For design aid only, not subject to production testing. 
Pulse test; PW =300iis , duty cycle £ 3%. 
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J270 SERIES 

P-Channel JFET 


The J270 Series is an all-purpose amplifier for 
designs requiring p-channel operation. These 
devices feature high gain, low noise and tight 
Vgs(OFF) limits for simple circuit design. They are 
available in low-cost TO-92 packages and are fully 
compatible with automatic insertion techniques. 
(See Section 8 for details.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

Idss 

MAX 

(mA) 

J270 

2.0 

30 

6 

-15 

J271 

4.5 

30 

8 

-50 


For further design information please consult the 
typical performance curves PSCIA which are 
located in Section 7. 


SIMILAR PRODUCTS 

• SOT-23, See SST270 Series 

• Chips, Order J27XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 GATE 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

V GD 

30 

■ 

Gate-Source Voltage 

Vgs 

30 

Gate Current 

• g 

-50 


Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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J270 SERIES .BOSS'S 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


J270 

J271 

UNIT 

TYP 2 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 


l G = IMA, V DS = 0 V 

45 



30 


V 

Gate-Source 

Cutoff Voltage 


V DS = -15 V, l D =-1 nA 



2.0 

1.5 

D 

Saturation Drain 
Current 3 


V DS = -15 V, V GS = 0 V 


n 

-15 


-50 

mA 

Gate Reverse Current 

•gss 

V GS = 20 V 

10 




200 

m 

V D S = 0 V T A = 125°C 

5 






Gate Operating 

Current 

*G 

V D g = -15 V, l D =-1 mA 

10 





PA 

Drain Cutoff Current 

■d(OFF) 

V DS = -15 V, V GS = 10 V 

-10 


■ 


■ 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = -1 mA, V DS = 0 V 

-0.7 

■ 




V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = -15 V, V GS = 0V 


6 

15 

8 

18 

mS 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 



200 


500 

MS 

Common-Source 

Input Capacitance 

HI 

V DS = -15 V, V GS = 0 V 

m 






Common-Source 

Reverse Transfer 
Capacitance 

Crss 

f = 1 MHz 

a 





Equivalent Input 

Noise Voltage 

®n 

v DS = -io V, V GS = 0 V 
f = 1 kHz 

20 


■ 


■ 

ny 

WhI 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 mS, duty cycle £3%. 


4-86 





























































CX'Siliconix 

JLJP incorporated 


J304 SERIES 


N-Channel JFETs 


The J304 Series of n-channel JFETs is designed to 
provide high-performance amplification, especially 
at high-frequency. These parts feature low noise, 
high gain and provide wide bandwidth. 

For additional design information please see 
performance curves NH, which are located in 
Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

Idss 

MAX 

(mA) 

J304 

-6 

-30 

4.5 

15 

J305 

-3 

-30 

3 

8 


SIMILAR PRODUCTS 


• SOT-23, See SST5484 Series 

• TO-72, See PN4416 Series 

• Chips, Order J30XCHP 


TO-92 BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

a 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

Iq 

10 


Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

i 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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J304 SERIES 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 

Gate Reverse Current 


Gate Operating 
Current 


Drain Cutoff Current 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

Transconductance 


Common-Source 
Output Conductance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Caoacitance 


Common-Source 
Output Capacitance 


Equivalent Input 
Noise Voltage 


Siliconix 

incorporated 




TEST CONDITIONS 




G = -1 JJLA , V DS = 0 V 


V DS = 15 V, l D = 1 nA 


V D s = 15 V, V GS = 0 V 
V GS = -20 V 

V DS = 0 v T A = 100 °C | -0.2 

V DG = 10 V, l D =1 mA 


V DS = 10 V, V GS = -6 V 
V GS = 1 V, l D = 1 mA 


= 1 mA , V DS = 0 V 


V DS = 15 V, V GS = 0 V 
f = 1 kHz 


J304 

J305 

MIN 

MAX 

MIN 

MAX 



V DS = 15 V, V GS = 0 V 
f = 1 MHz 


V DS = 10 V, v GS = 0 V 
f = 100 Hz 



ELECTRICAL CHARACTERISTICS 1 


PARAMETER SYMBOL 


HIGH-FREQUENCY 


LIMITS (Typical) 


J305 


TEST CONDITIONS 


I KQISB3BSEISI5S1 fE3S&SB33BSQSE[ I 


Common-Source 

Input Conductance 

9 iss 

Common-Source 

Input Susceptance 

biss 

Common-Source 

Output Conductance 

H 

Common-Source 

Output Susceptance 

boss 

Common-Source Forward 
Transconductance 

9fs 

Common-Source 

Power Gain 

Gps 

Noise Figure 

NF 


V DS = 15 V, V GS = 0 V 


: 15 V, In = 5 mA 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jjls , duty cycle ^2%. 



20 

1.7 3.8 
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CT'Siliconix 

JJmr incorporated 


The J308 Series is a popular, low-cost device which 
offers superb amplification characteristics. It 
features high-gain, low noise (typically < 6 nVVHz) 
and low gate leakage (typically < 2 pA). Of special 
interest, however, is performance at high 
frequency. Even at 450 MHz the J308 Series offers 
high power gain and low noise. Like all TO-92 
packages offered by Siliconix, tape and reel options 
are available to support automated assembly. 
(See Section 8.) 


J308 SERIES 


N-Channel JFETs 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• dss 
MAX 
(mA) 

J308 

-6.5 

-25 

8 

60 

J309 

-4.0 

-25 

10 

30 

J310 

-6.5 

-25 

8 

60 


For additional design information and a closer look 
at high-frequency characteristics, please consult 
performance curves NZB which are located in 
Section 7. 


SIMILAR PRODUCTS 

® TO-52, See U308 Series 

© SOT-23, See SST308 Series 

• Dual, See U430 Series 

• Chips, Order J30XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

>g 

10 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj j 

-55 to 135 

°C 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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J308 SERIES 


Siliconix 

innorpnratEd 


| ELECTRICAL CHARACTERISTICS 1 | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

l G = -1M,V DS = 0V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = 1 nA 

Saturation Drain 

Current 3 

•dss 

V DS = 10 V, V GS = 0 V 

Gate Reverse Current 

1 GSS 

V GS = -15 V 

V DS = 0 V T A = 125°C 

Gate Operating 

Current 

! g 

V D q = 9 V, l D = 10 mA 

Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0V, l D =1 mA 

Gate-Source 

Forward Voltage 

V GS(F) 

■SB M 




DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


HIGH FREQUENCY 


Common-Gate Foward 
T ransconductance 


Common-Gate Output 
Conductance 


Common-Gate Power 
Gain 4 



V DS = 10 V, l D = 10 mA 
f = 1 kHz 



10 



250 


V GS = -10V, V DS = 10V 
f = 1 MHz 



Noise Figure 


f = 105 MHz 

15 







f = 450 MHz 

13 






mi 

f = 105 MHz 

0.16 






I 

f = 450 MHz 

0.55 






MB 

f = 105 MHz 

16 






MM 

f = 450 MHz 

11.5 






PM 

f = 105 MHz 

1.5 






MM 

f = 450 MHz 

mm 






■ 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle ^3%. 

4. Gain (G pg ) measured at optimum input noise match. 
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CT'Siliconix 

JLM incorporated 


The J500 Series is a family of current regulators 
designed for demanding applications in test 
equipment and instrumentation. These devices 
utilize the JFET techniques to produce a single 
two-leaded device which is extremely simple to 
operate. With nominal current ranges from 0.24 
mA to 4.7 mA, the J500 Series will meet a wide 
array of design requirements. In addition to its 
two-lead construction, this series features 20% 
current ranges, improved current control over wide 
temperature ranges, and simple “floating” 
operation as no power supplies are required for 
biasing. Several of the devices provide effective 
current control operating down to even 1 volt. 
Finally, its low-cost TO-92 package ensures a cost 
effective design solution. 

For additional design information please see 
performance curves NCL, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• TO-18, See CR022 Series 

® Chips, Order J5XXCHP 


J500 SERIES 

Current Regulator Diodes 


PART 

If 

(mA) 

PART 

If 

(mA) 

J500 

0.24 

J506 

1.40 

J501 

0.33 

J507 

1.80 

J502 

0.43 

J508 

2.40 

J503 

0.56 

J509 

3.00 

J504 

0.75 

J51 0 

3.60 

J505 

1.00 

J51 1 

4.70 


TO-92 BOTTOM VIEW 



1 ANODE 

2 CATHODE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Peak Operating Voltage 

Pov 

50 

V 

Forward Current 

If 

20 

mA 

Reverse Current 

Ir 

50 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°c 

Storage Temperature 

T stg 

-55 to 200 
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4-92 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


SYMBOL 

If 

Z 

d 

Zk 

v L 

POV 

C F 

®i 

PARAMETER 

REGULATOR 

CURRENT 

DYNAMIC 

IMPEDANCE 

KNEE 

IMPEDANCE 

LIMITING 

VOLTAGE 

PEAK 

OPERATING 

VOLTAGE 

CAPACITANCE 

TEMPERATURE 

COEFFICIENT 

(TYPICALS) 

TEST 


V F = 25 V 

v F = 

25 V 

V F = 6 V 

If = 0.8 If ( MIN ) 

If - 1-1 

* F ( MAX ) 

V F = 25 V 

V F = 25 V 

CONDITIONS 


(Note 1) 


(Note 2) 

(Note 3) 

(Note 4) 

f = 1 MHz 

0°C< 7 A < 100°C 


mA 

Mil 

Mil 


J 

\ 

/ 

PF 

ppm/°C 

UNITS 














NOM 

MIN 

MAX 

MIN 

TYP 

TYP 

MAX 

TYP 

MIN 

TYP 

TYP 

TYP 

J500 

0.24 

0.192 

0.288 

4.00 

40 0 

2.50 

1.20 

0.4 

50 

100 

2.2 

1300 

J501 

0.33 

0.264 

0 396 

2.20 

25 0 

1.60 

1.30 

0.5 

50 

100 

2.2 

600 

J502 

0.43 

0.344 

0.516 

1.50 

15.0 

1.10 

1.50 

0.6 

50 

100 

2.2 

0 

J503 

0.56 

0.448 

0.672 

1.20 

12.0 

0.80 

1.70 

0.7 

50 

100 

2 2 

-400 

J504 

0.75 

0.600 

0.900 

0.80 

7 0 

0 55 

1.90 

0.8 

50 

100 

2.2 

-1000 

J505 

1.00 

0 800 

1.200 

0.50 

5.0 

0.40 

2.10 

0.9 

50 

100 

2.2 

-1300 

J506 

1.40 

1.120 

1.680 

0.33 

3 0 

0.25 

2.50 

1.1 

50 

100 

2.2 

-1900 

J507 

1.80 

1.440 

2.160 

0.20 

2 0 

0.19 

2.80 

1.3 

50 

100 

2.2 

-2200 

J508 

2.40 

1.900 

2.900 

0.20 

1 5 

0.13 

3.10 

1 5 

50 

100 

2 2 

-2600 

J509 

3.00 

2.400 

3.600 

0.15 

1.0 

0.09 

3.50 

1.7 

50 

100 

2.2 

-2800 

J510 

3.60 

2.900 

4.300 

0.15 

0.8 

0.07 

3.90 

1.9 

50 

100 

2 2 

-3000 

J51 1 

4.70 

3.800 

5.600 

0.12 

0 6 

0.05 

4.20 

2.1 

50 

100 

2 2 

-3000 


NOTES: 1 

2 . 

3. 

4. 


Pulse test - steady state currents may very. 
Pulse test - steady state impedances may vary. 
Min Vp required to insure l F > 0.8 I f(min) • 
MaxV F where Ip > 1 .1 If(MAX) is guaranteed 


J500 SERIES .B'SSSSS 













































CT'Siliconix 

XP incorporated 


J552 


Current Regulator Diode 


The J552 is a current regulator designed for 
applications in test equipment and instrumentation. 

With forward current between 0.2 and 0.7 mA, the 
J552 will meet a wide array of design requirements. 

In addition to its two-lead construction, it features 
current control over wide temperature ranges and 
simple “floating” operation as no power supplies 
are required for biasing. Finally, the low-cost TO-92 
package ensures a cost effective design solution. 

For additional design information please see 
performance curves NKL, which are located in 
Section 7. 

TO-92 

SIMILAR PRODUCTS ^ 

1 ANODE 

2 CATHODE 

® TO-18, See CR022 Series 

® Chips, Order J5XXCHP 


BOTTOM VIEW 



PART 

>F 

(mA) 

J552 

0.77 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Peak Operating Voltage 

Pov 

100 


Forward Current 

If 

20 

Bj 

Reverse Current 

Ir 

50 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 

Tstg 

-55 to 135 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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J552 


CT'Siliconix 

*XJr incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

J552 

UNIT 

MIN 

MAX 

STATIC 

Forward Current 3 

■ 

V F = 100 V 

400 


770 

jjlA 

V F = 25 V 

400 

250 

700 

V F = 1 V 

390 

200 


Peak Operating Voltage 3 ’ 4 

Pov 

l F = 100 V I f1( maX) 


100 


■ 

Limiting Voltage 6 

V L 

l F = 0.9 lp|(MIN) 

m 


1.5 

DYNAMIC 

Small-Signal Dynamic 
Impedance 3 

Zfi 

V F = 25 V, f = 1 kHz 

8 

n 


Mil 

Anode-Cathode 

Capacitance 

C F 

V F = 25 V, f = 1 MHz 

2 

i 


PF 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jis , duty cycle ^3%. 

4 . Maximum V F < 1.1 I F1 (max) I s guaranteed . 

5 . Maximum V F required to insure I F > 0 . 9 I F1 ( M)N ) . 
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CT Siliconix 

incorporated 


J553 SERIES 

Current Regulator Diodes 


The J553 Series is a low cost family of current 
regulators designed for demanding applications in 
test equipment and instrumentation. These 
devices utilize the proven JFET techniques to 
produce a single two-leaded device which is 
extremely simple to operate. With nominal current 
ranges from 0.5 mA to 4.5 mA, the J553 Series will 
meet a wide array of design requirements. In 
addition to its two-lead construction, this series 
feature improved current control over wide 
temperature ranges and simple “floating” 
operation as no power supplies are required for 
biasing. Several of the devices provide effective 
current control operating down to even 2 volts. 
Finally, its low-cost TO-92 package ensures a cost 
effective design solution. 


For additional design information please see 
performance curves NCL, which are located in 
Section 7. 


SIMILAR PRODUCTS 


PART 

ip 

(mA) 

J553 

0.50 

J554 

1.00 

J555 

2.00 

J556 

3.00 

J557 

4.50 


TO-92 BOTTOM VIEW 



1 ANODE 

2 CATHODE 


o TO-18, See CR022 Series 
o Chips, Order J5XXCHP 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Peak Operating Voltage 

Pov 

50 

V 

Forward Current 

If 

20 

mA 

Reverse Current 

Ir 

50 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

Tstg 

-55 to 200 
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ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



NOTES: i . Pulse test - steady state currents may very. 

2. Pulse test - steady state impedances may vary. 

3. Min Vp required to insure l F > 0.8 I F ( M in) • 

4. MaxV F where I F > 1.1 I F(MAX ) is guaranteed. 



ID V 


J553 SERIES 











































CT'Siliconix 

incorporated 


JPAD5 SERIES 

Low-Leakage Pico-Amp Diodes 


The JPAD5 Series of low-leakage diodes provides a 
superior alternative to conventional diode 
technology when reverse current (leakage) must 
be minimized. These devices feature leakage 
currents ranging from -5 pA (JPAD5) to -500 pA 
(JPAD500) to support varying system require- 
ments. Its TO-92 package allows designers to 
maximize circuit performance while maintaining the 
objectives of low cost and compact packaging. 
Tape and reel is available for use with automated 
assembly techniques. (See Section 8.) 


PART NO. 

<R 

(PA) 

JPAD5 

-5 

JPAD10 

-10 

JPAD20 

-20 

JPAD50 

-50 

JPAD100 

-100 

JPAD200 

-200 

JPAD500 

-500 


SIMILAR PRODUCTS 


• SOT-23, See SSTPAD5 Series 

• TO-18, See PAD1 Series 

• Duals, See DPAD1 Series 

• Chips, Order JPADXXCHP 


TO-92 


BOTTOM VIEW 



1 CATHODE 

2 ANODE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Forward Current 

If 

10 


Total Device Dissipation 

Pd 

360 


Storage Temperature 


-55 to 135 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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JPAD5 SERIES 

incorporated 


ELECTRICAL CHARACTERISTICS 1 j 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Reverse Current 

■ 

V R = -20 V 

JPAD5 

-1 


-5 

pA 

JPAD10 

-2 


-10 

JPAD20 

-2 


-20 

JPAD50 

-5 


-50 

JPAD100 

-5 


-100 

JPAD200 

-20 


-200 

JPAD500 

-20 


-500 

Reverse Breakdown Voltage 

bv r 

l R = -1 JIA 

-60 

-35 


V 

Forward Voltage Drop 

V f 

Ip = 5 mA 



1.5 

DYNAMIC 

Reverse Capacitance 

C R 

V R = -5 V, f = 1 MHz 

1.5 


2 

PF 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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fnrSiliconix 

JmM incorporated 


JR135V SERIES 

High-Voltage Current Limiting Diodes 


The JR135V Series of high-voltage diodes utilizes a 
MOS process to provide active current limiting over 
a voltage range from 1 V up to 240 V. These 
devices feature two-terminal construction and 
require no additional circuitry or power supplies. 
Additionally, it is housed in a low-cost TO-92 
package and is available with tape and reel to 
support automated assembly. 

For additional design information please see 
performance curves VRMA, which are located in 
Section 7. 



Pov 

PART NO. 

(V) 

JR135V 

135 

JR170V 

170 

JR200V 

200 

JR220V 

220 

JR240V 

240 


TO-92 BOTTOM VIEW 



1 ANODE 

2 CATHODE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 


JR135V 


135 



JR170V 


170 


Peak Anode-Cathode Voltage 

JR200V 

Pov 

200 

V 


JR220V 


220 



JR240V 


240 


Reverse Current 

Ir 

50 


Power Dissipation 

Pd 

360 

| 

Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 


Storage Temperature 

f stg 

-55 to 150 


Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 

■ 
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JR135V SERIES .ffSKSfe 


| ELECTRICAL CHARACTERISTICS 1 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

LIMITS 

UNIT 

MIN 

MAX 

STATIC 

Peak Operating Voltage 

Pov 

1 F = 1 mA 

JR135V 

165 

135 


1 

JR170V 

190 

170 


JR200V 

215 

200 


JR220V 

230 

220 


JR240V 

260 

240 


Forward Current 

If 

V F = 2 V 

440 

200 


D 

V F = 100 V 

450 

200 

770 

Limiting Voltage 

v L 

l F = 0.8 l F @ 2 V min 

0.7 


0.9 

D 

DYNAMIC 

Dynamic Impedance 

Zd 

V F = 25 V 

D 




Temperature Coefficient 

a| f 

AT 

V F = 2 to 100 V 

T a = -20 to 85°C 

0.6 



%/°C 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 










































M440 SERIES 

N-Channel JFET Pairs 


The M440 Series are monolithic pairs of JFETs 
mounted in a single TO-71 package. The M440 
features high speed amplification (slew rate), high 
gain (typically > 6 mS), and low gate leakage 
(typically < 1 pA) . This performance makes these 
devices perfect for use as wideband differential 
amplifiers in demanding test and measurement 
applications. Finally, its TO-71 hermetically sealed 
package is available with military screening per 
MIL-S-19500. (See Section 1.) 

For additional design information please see 
performance curves NNZ, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-78, See U443 Series 

• SO-8, See SST440 Series 

• Low Noise, See U401 Series 

• Low Leakage, See U421 Series 
© Chips, Order M44XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• g 
TYP 
(PA) 

| VgS-j ” V GS 2 | 
MAX 
(mV) 

M440 

-25 

5 

-1 

10 

M441 

-25 

5 

-1 

20 


TO-71 BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 SOURCE 2 

5 DRAIN 2 

6 GATE 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vqs 

-25 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation 

Per Side 

Pd 

325 

mW 

Total 

650 

Power Derating 

Per Side 


2.2 

mW/°C 

Total 

3.3 

Operating Junction Temperature 

Tj 

-55 to 150 

°c 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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M440 SERIES 


ELECTRICAL CHARACTERISTICS' 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse 
Current 


Gate Operating 
Current 

Gate-Source 
Forward Voltage 



£7 Silicon ix 

JLM incorporated 


LIMITS 


M440 M441 

TEST CONDITIONS TYP 2 MIN MAX MIN MAX UNIT 


| Q = -1 JJLA. V ds = 0V 
V DS = 10 V, l D = 1 nA 


V DS = 10 V, v GS = 0 V 
V GS = -15 V 

V DS = 0 V T a = 125°C 

v D q = iov 

, D = 5mA T a = 125°C 

l G = 1 mA, V DS = 0 V 



Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 
Input Capacitance 


Equivalent Input 
Noise Voltage 


Differential 
Gate-Source Voltage 

Gate-Source Voltage 
Differential Change 
with Temperature 



V DG = 1 0 V, I D = 5 mA 
f = 1 kHz 


V D g = 1 0 V, I D = 5 mA 
f = 1 MHz 


V DG = 10 V, l D = 5 mA 
f = 10 kHz 


Saturation 
Drain Current Ratio 

T ransconductance 
Ratio 

Common Mode 
Rejection Ratio 


.5 

9 


200 




NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £3%. 
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M5911 SERIES 

N-Channel JFET Pairs 


The M5911 Series are monolithic pairs of JFETs 
mounted in a single TO-78 package. The M5911 
features high speed amplification (slew rate), high 
gain (typically > 6 mS), and low gate leakage 
(typically < 1 pA) . This performance makes these 
devices perfect for use as wideband differential 
amplifiers in demanding test and measurement 
applications. Finally, its TO-78 hermetically sealed 
package is available with military screening per 
MIL-S-19500. (See Section 1.) 

For additional design information please see 
performance curves NNZ, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• SO-8, See SST5912 

• Two-Chip, See 2N5911 Series 

• Low Noise, See U401 Series 

• Low Leakage, See U421 Series 

• Chips, Order M591XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• g 

MAX 

(PA) 

IVgst - v G s 2 | 

MAX 

(mV) 

M5911 

-25 

5 

-100 

10 

M5912 

-25 

5 

-100 

15 


TO-78 


BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 CASE 

5 SOURCE 2 

6 DRAIN 2 

7 GATE 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation 

Per Side 

Pd 

367 

mW 

Total 

500 

Power Derating 

Per Side 


3 

mW/°C 

Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 


-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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M5911 SERIES 


Sliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


M5911 

M5912 

UNIT 

TYP 2 

MIN 

MAX | 

MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 


1 G = — 1 MA, V DS = 0 V 

bb 

-25 


-25 


V 

Gate-Source 

Cutoff Voltage 


V DS = 10 V, l D = 1 nA 


B 

1 

B 

-5 

Saturation Drain 

Current 

1 DSS 

V DS = 10 V, V GS = 0 V 

15 

1 

B 

B 

40 

mA 

Gate Reverse 

Current 

•gss 

V GS = -15 V 


-1 


-100 


-100 

pA 

V DS = 0 V 

T a = 150°C 

-2 


-250 


-250 

nA 

Gate Operating 

Current 

■g 

V DG = 10 V 


-1 


-100 


-100 

pA 

1 D = 5 mA 

T a = 125°C 

ea 


-100 


-100 

nA 

Gate-Source Voltage 

V GS 

V dg = 10 V, l D = 5 mA 

B 


B 

mu 

B 

V 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 

j 


■ 


DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V D g = 10 V, l D = 5 mA 
f = 1 kHz 

6 

5 



B 

mS 

Common-Source 

Output Conductance 

9os 

20 


100 



JJ-S 

Common-Source 

Forward 

T ransconductance 

9fs 

V dg = 10 V, l D = 5 mA 

6 

5 

10 


B 

mS 

Common-Source 

Output Conductance 

9os 

f = 100 MHz 

30 


150 

■ 


MS 

Common-Source 

Input Capacitance 

^iss 

V dg = 10 V, l D = 5 mA 

f = 1 MHz 

3.5 


5 


B 

PF 

Common-Source 
Reverse Transfer 
Capacitance 


1 


1.2 

■ 

B 

Equivalent Input 

Noise Voltage 

e n 

V dg = 10 V, l D = 5 mA 
f = 10 kHz 

4 






Noise Figure 

NF 

V DG = 10 V, l D = 5 mA 
f = 10 kHz, R G = 100 kXl 

0.1 

■ 

B 


B 

dB 

MATCHING 

Differential 

Gate-Source Voltage 


V D g = 1 0 V, 1 D =5 mA 

IB 


10 

B 

B 

mV 

Gate-Source Voltage 
Differential Change 
with Temperature 

HJSjSSl 

V DG = 10 V 

1 D = 5 mA 

T = -55 to 25°C 

10 


20 



jiW 


T = 25 to 125°C 



20 


40 

/ °c 

Saturation 

Drain Current Ratio 

bssi 

•dSS2 

V DS = 10 V, V GS = 0 V 

0.98 

0.95 

B 

0.95 



T ransconductance 

Ratio 

9 fsl 

9 fs2 

V D q = 10 V, l D = 5 mA 
f = 1 kHz 

0.98 

0.95 

B 

0.95 

B 


Differential 

Gate Current 

| 1 G1“ 1 G2 | 

V D q = 10 V, l D = 5 mA 

T a = 125°C 

0.005 




20 

nA 

Common Mode 

Rejection Ratio 

CMRR 

V DD = 5 to 10 V, l D = 5 mA 

90 


B 



dB 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
3. Pulse test; PW =300;jls , duty cycle ^3%. 
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CT'Siliconix 

JLMr incorporated 


The PI 086 Series of low-cost p-channel analog 
switches is designed to provide low on-resistance 
and fast switching. It also works well in conjunction 
with Siliconix’ Jill Series for complementary 
switching applications. The PI 086 Series features a 
TO-92 package which is available with various 
lead-forms and/or tape and reel options. (See 
Section 8.) 

For further design information please consult the 
typical performance curves PSCIA which are 
located in Section 7. 


SIMILAR PRODUCTS 

• TO-18, See 2N5114 Series 

© SOT-23, See SST174 Series 

o Chips, Order P108XCHP 


PI 086 SERIES 

P-Channel JFETs 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(a) 

Id (OFF) 
TYP 
(PA) 

*ON 

TYP 

(ns) 


10 

75 

-10 

25 


5 

150 

-10 

25 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vqd 

30 

V 

Gate-Source Voltage 

Vgs 

30 

Gate Current 

>g 

-50 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

°C 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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PI 086 SERIES 


ELECTRICAL CHARACTERISTICS 1 


Siliconix 

incarpnrated 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current 


Gate Operating 
Current 



V GS(OFF) 


Drain Cutoff Current 'd(OFF) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

Transconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Caoacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 


Turn-off Time 




TEST CONDITIONS 


i = 1 -HA , V DS = 0 V 


V DS = -15 V, l D = -1M 


V DS = -20 V, V GS = 0 V 

V GS = 15 V 

Vps = 0 V | T a =85 

V DG = -15 V, 1 D = -1 mA 

V DS = -15 V, V GS = 10 V 

V DS = -15 V, V GS = 10 V 
T a = 85°C 

l G = -1 mA, V GS = 0 V 


G = -1 mA, V DS = 0 V 


V DS = -15 V, l D = -1 mA 
f = 1 kHz 


Vqq = 0 V, I q = 0 mA 

f = 1 kHz 

V DS = -15 V, V GS = 0 V 
f = 1 MHz 


v DS = 0 V, v GS = 10 V 
f = 1 MHz 

V DS = -1 0 V, I D = -1 mA 
f = 1 kHz 




PI 086 

PI 087 

| MIN 

MAX 

MIN 

MAX 





V GS(ON) 

= 0 V 


P/N 

< 

O 

o 

< 

GS(OFF) 

Rl 

PI 086 

-6 V 

12 V 

910 n 

PI 087 

-6 V 

7 V 

1800 XI 



NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle 13%. 
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CX'Siliconix 

incorporated 


PAD1 SERIES 


Low-Leakage Pico-Amp Diodes 


The PAD1 Series of extremely low-leakage diodes 
provides a superior alternative to conventional 
diode technology when reverse current (leakage) 
must be minimized. These devices feature leakage 
currents ranging from -1 pA (PAD1) to -100 pA 
(PAD100) to support a wide range of applications. 
The PAD1 Series is well suited for use in 
applications such as input protection for operational 
amplifiers. Its hermetically sealed metal can is 
available with full military processing per 
MIL-S-19500. (See Section 1.) 

SIMILAR PRODUCTS 

© TO-92, See JPAD5 Series 

® SOT-23, See SSTPAD5 Series 

© Duals, See DPAD1 Series 
® Chips, Order PADXXCHP 


PART NO. 

Ir 

(PA) 

PAD1 

-1 

PAD2 

-2 

PAD5 

-5 

PAD10 

-10 

PAD20 

-20 

PAD50 

-50 

PAD100 

-100 


TO-18 (MODIFIED) BOTTOM VIEW 



TO-18 


BOTTOM VIEW 



1 CATHODE 

2 ANODE 

3 CASE 



(PAD1 , 2, 5) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Forward Current 

If 

50 

mA 

Total Device Dissipation 

Pd 

300 

mW 

Storage Temperature 

T stg 

-55 to 125 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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PAD1 SERIES iT&Sssft 


| ELECTRICAL CHARACTERISTICS 1 | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNIT 

2 

TYP 



STATIC 

Reverse Current 

■ 

V R = -20 V 

PAD1 

-0.3 


-1 

PA 

PAD2 

-0.7 


-2 

PAD5 

-1 


-5 

PAD 10 

-2 


-10 

PAD20 

-2 


-20 

PAD50 

-5 


-50 

PAD 100 

-5 


-100 

Reverse Breakdown Voltage 

bv r 

1 R = -1 

PAD1 , 2, 5 

-60 

-45 


V 

PAD10, 20 
PAD50, 100 

-50 

-35 


Forward Voltage Drop 

v F 

l F = 5 mA 

0.8 


1.5 

DYNAMIC 

Reverse Capacitance 

C R 



0.5 



PF 

PAD10, 20 
PAD50, 100 

1.5 


2 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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PN4091 SERIES 

N-Channel JFET 


The PN4091 Series is the plastic equivalent of our 
popular 2N4091 Series. These devices are 
especially well suited for analog switching 
applications but function efficiently as high-gain 
amplifiers, particularly at high-frequency. Our 
low-cost TO-92 packaging offers affordable 
performance with flexibility for designers, as these 
devices can be ordered with a variety of lead forms 
or tape and reel for automated insertion. (See 
Section 8.) 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

Id (OFF) 
MAX 
(PA) 

Ion 

MAX 

(ns) 

PN4091 

-10 

30 

200 

25 

PN4092 

-7 

50 

200 

35 

PN4093 

-5 

80 

200 

60 


For additional design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


SIMILAR PRODUCTS 

• SOT-23, See SST4091 Series 

• TO-18, See 2N4091 Series 

• Duals, See 2N5564 Series 

• Chips, Order PN409XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

Ig 

10 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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PN4091 SERIES 


ELECTRICAL CHARACTERISTICS 


Slliconix 

incorporated 



TEST CONDITIONS 


l G = -1iiA, V DS = 0 V 
V DS =20 V, l D = 1 nA 


V DS = 20 V, V GS = 0 V 
V GS = -15 V 

Vds = 0V | T A = 125°C 
V DG = 15 V, l D = 10 mA 

Vgs = ~6 V 
V DS = 20 V V GS = -8 V 

Vgs = -12 V 

V GS = -6 V 

v -= 2 °r vqs = - 8 v 



LIMITS 


PN4092 


MIN MAX 



V DS = 20 V 
T A = 125°C 


I D =2.5 m A 
V GS = 0 V l D = 4 mA Q.15 
Ip =6.6 mA 0.15 

V GS = 0 V, l D = 1 mA 
Iq= 1 mA, Vns = 0 V 



V DG = 

20 

V, lp = 

1 mA 


f 

1 kHz 


Vgs 

= 0 

V, l D = 

0 mA 


f 

= 1 kHz 


v ds = 

: 20 

v, v GS 

= 0 V 


f = 

1 MHz 


Vp S = 1 

0 V, 

v gs = 

-20 V 


f = 

1 MHz 


ii 

o 

Q 

> 

10 

V, lp = 

1 mA 

f 

= 1 

kHz 




50 




16 


5 




■I 


Q 

O 

> 

= 3 V. V GS(ON) = 

0 V 

P/N 

'd(ON) 

Vgs (off) r l 

PN4091 

6.6 mA 

-12 V 

425 SI 

PN4092 

4 mA 

-8 V 

700 si 

PN4093 

2.5 mA 

-6 V 

1120 si 




15 


20 


60 



MM I 


40 


80 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300;iS, duty cycle £3%. 
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PN41 17 SERIES 

N-Channel JFETs 


The PN4117 and PN4117A Series are n-channel 
JFETs designed to provide ultra-high input 
impedance. The PN4117 Series features Igss of 
10 pA maximum. The PN4117A is specified with a 
1 pA limit and typically operates at 0.2 pA. These 
devices, therefore, make perfect choices for use 
as sensitive front-end amplifiers in applications 
such as microphones, smoke detectors, and 
precision test equipment. Additionally, its TO-92 
plastic package provides a low-cost device 
compatible with today’s automated assembly 
techniques. (See Section 8.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(nS) 

• dss 
MAX 
(mA) 

PN4117 

-1.8 

-40 

70 

0.09 

PN4118 

-3 

-40 

80 

0.24 

PN4119 

-6 

-40 

100 

0.60 

PN4117A 

-1.8 

-40 

70 

0.09 

PN4118A 

-3 

-40 

80 

0.24 

PN4119A 

-6 

-40 

100 

0.60 


For additional design information please consult 
performance curves NT which are located in 
Section 7. 


SIMILAR PRODUCTS 

o TO-72, See 2N4117 Series 
o SOT-23, See SST4117 Series 
® Dual, See U421 Series 
o Chips, Order PN411XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

Ig 

10 


Power Dissipation 

Pd 

360 

mm 

Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 


-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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PN41 17 SERIES USSSSSS 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

PN4117 

PN4118 

PN4119 

UNIT 





MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 MA. V DS = 0 V 

-70 





-40 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = 1 nA 



n 

B 

B 

-2 

-6 

Saturation Drain 
Current 3 

<DSS 

V DS = 10 V, V G g = 0 V 








QQj 

Gate Reverse Current 

•gss 

v GS =-iov : 

-0.2 




EHI 


-10 

a 

V DS =0V t a = 100°C 

-0.03 


na 


El 


-25 

ji 

Gate Operating 
Current 

m 

Vdg = 15 V, l D = 30 JlA 

-0.2 







pA 

Drain Cutoff Current 

■d(OFF) 

V DS = 10 V, V GS = -8 V 

0.2 







Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

flfs 

V DS = 10 V, V GS = 0 V 


70 

210 

80 

250 

100 

330 

JlS 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 



3 


5 


10 

Common-Source 

Input Capacitance 

Ciss 

V DS = 10 V. Vqs = 0 V 
f = 1 MHz 



3 


3 


B 

1 

Common-Source 
Reverse Transfer 
Capacitance 

Crss 



1.5 


B 


B 

Equivalent Input 

Noise Voltage 

®n 

V DS = 10 V, v GS = 0 v 

f = 1 kHz 

15 




B 


B 

M 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .ns , duty cycle 5 3%. 
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B1S&& PN41 1 7 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

PN4117A 

PN4118A 

PN4119A 

UNIT 







STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 JJ.A, V DS = 0 V 

-70 

-40 


-40 




V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = 1 nA 


-0.6 

-1.8 

-1 

-3 

H 


Saturation Drain 
Current 3 

•dss 

V DS = 10 V, Vq S = 0 V 


0.03 

0.09 

0.08 

0.24 



mA 

Gate Reverse Current 

m 

v GS = -10 V 



-1 


-1 


-1 

m 

V DS = UV t a = ioo°c 

-0.03 




-2.5 



on 

Gate Operating 
Current 

■g 

V D g = 15 V, l D = 30.UA 

-0.2 







IQ 

Drain Cutoff Current 

'd(OFF) 

V DS = 10 V, Vqs = -8 V 








Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

D 







V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

v DS = 10 V, V GS = 0 V 
f = 1 kHz 




80 

250 

100 

330 

ilS 

Common-Source 
Output Conductance 

9os 



3 


5 


10 

Common-Source 

Input Capacitance 


V DS = 10 V, v GS = 0 V 
f = 1 MHz 

1.3 




3 


3 

PF 

Common-Source 
Reverse Transfer 
Capacitance 


0.4 


1.5 


1.5 



Equivalent Input 

Noise Voltage 

e n 

v DS = 10 V, v GS = 0 V 
f = 1 kHz 

15 







n y 
'Vh? 


NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 .ns , duty cycle 5 3%. 
































































PN4302 SERIES JJBgSfi 

N-Channel JFETs 


The PN4302 Series of multi-purpose JFETs is 
designed for a wide range of low cost applications. 
It features low gate leakage and capacitance, which 
makes these devices ideal for high-frequency 
amplifiers. This series is packaged in TO-92 for low 
cost and compatibility with automated assembly. 

For further design information please consult the 
typical performance curves NPA which are located 
in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

■ dss 
MAX 
(mA) 

PN4302 

-4 

-30 

1 

5 

PN4303 

-6 

-30 

2 

10 

PN4304 

-10 

-30 

1 

15 


SIMILAR PRODUCTS 

• TO-18, See 2N4338 Series 

• SOT-23, See SST201 Series 
® Chips, Order PN430XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

■ 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

• g 

50 


Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

°C 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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HWftZSOi PN4302 SERIES 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

PN4302 

PN4303 

PN4304 

UNIT 



MIN 

MAX 



STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

i g = -ima, V ds = 0 V 

-57 

-30 


-30 




V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, l D = 10 nA 



-4 


-6 


-10 

Saturation Drain 
Current 3 

•dss 

V DS = 20 V, V GS = 0 V 


0.5 

5 

4 

10 



mA 

Gate Reverse Current 

m 

V GS = -10 V 

-0.001 


-1 


-1 


-1 

nA 

V DS = 0V T a = 85°C 

-0.03 


-100 


-100 


-100 

Gate-Source 

Forward Voltage 


l G = 1 mA, V DS = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 20 V, V GS = o V 

f = 1 kHz 


1 


n 


1 


mS 

Common-Source 
Output Conductance 

9os 








iiS 

Common-Source 

Input Capacitance 

^iss 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 

mu 


6 


6 


6 

PF 

Common-Source 
Reverse Transfer 
Capacitance 

|| 

1.3 


3 


3 


3 

Equivalent Input 

Noise Voltage 

e n 

v DS = 10 V, v GS = 0 V 
f = 1 kHz 

6 







n y 
WHi 

Noise Figure 

NF 

V DS = 10 V, V GS = 0 V 
f = 1 kHz, Rq= 1 MXl 

<0.1 


2 


2 


3 

dB 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 ms , duty cycle £3%. 
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PN4391 SERIES 


CT'Siliconix 

JLM incorporated 


N-Channel JFET 


The PN4391 Series is the plastic equivalent of our 
popular 2N4391 Series. These devices are 
especially well suited for analog switching 
applications but function efficiently as high-gain 
amplifiers, particularly at high-frequency. Our 
low-cost TO-92 packaging offers affordable 
performance with flexibility for designers, as these 
devices can be ordered with a variety of lead forms 
or tape and reel for automated insertion. (See 
Section 8.) 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(O) 

Id(off) 

MAX 

(nA) 

*ON 

MAX 

(ns) 

PN4391 

-10 

30 

1 

20 

PN4392 

-5 

60 

1 

20 

PN4393 

-3 

100 

1 

20 


For additional design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


SIMILAR PRODUCTS 

• SOT-23, See SST4391 Series 

• TO-18, See 2N4391 Series 

• Duals, See 2N5564 Series 

• Chips, Order PN439XCHP 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

Ig 

50 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

1 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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Siliconix 

incorporated 


PN4391 SERIES 



4 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300,uS, duty cycle ^3%. 
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PN4416 


fET'Siliconix 

incorporated 


N-Channel JFET 


The PN4416 is a n-channel JFET designed to 
provide high-performance amplification, especially 
at high-frequency. These parts feature low noise 
(4 dB max @ 400 MHz), high gain (10 dB min @ 
400 MHz) and provide a wide bandwidth. Its low 
cost TO-92 package is available with a wide range 
of lead form and tape and reel opitons. (See 
Section 8.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

• dss 
MAX 
(mA) 

PN4416 

-6 

-30 

4.5 

15 


For additional design information please see 
performance curves NH, which are located in 

Section 7. TO-92 BOTTOM VIEW 


SIMILAR PRODUCTS 



1 SOURCE 

2 DRAIN 

3 GATE 



• TO-72, See 2N4416 

• SOT-23, See SST4416 

• Chips, Order PN4416CHP 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

V 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

*G 

10 

mA 

Power Dissipation 

Pd 

360 

mW 

Power Derating 


3.27 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

i 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

T|_ 

300 
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iOTSiliconix 

JLJP incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current 


Gate Operating 
Current 


Drain Cutoff Current 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


PN4416 


TEST CONDITIONS 


1 G = -1 AA , 

V DS = 0 V 

V DS = 15 V, 

1 D = 1 nA 

V DS = 15 V, 

V GS = 0 V 

V gs = -15 V 


V DS = 0 V 

T a = 125°C 

V DG = 10 V, 

l D = 1 mA 

< 

o 

to 

ii 

o 

< 

V GS = -6 V 

V GS = 0 V, 

1 D = 1 mA 

1 G = 1 mA , 

V DS = 0 V 


Common-Source 

Forward 

T ransconductance 

9fs 

Common-Source 

Output Conductance 

9os 

Common-Source 

Input Capacitance 

^iss 

Common-Source 

Reverse Transfer 

Caoacitance 

^rss 

Common-Source 

Output Capacitance 

c oss 

Equivalent Input 

Noise Voltage 



V DS = 15 V, V GS = 0 V 
f = 1 kHz 


V DS = 15 V, V GS = 0 V 
f = 1 MHz 


V D s = 10 V, v GS = 0 V 
f = 100 Hz 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER SYMBOL 


HIGH-FREQUENCY 


Common-Source 
Input Conductance 

Common-Source 
Input Susceptance 


Common-Source 
Output Conductance 


Common-Source 
Output Susceptance 


Common-Source Forward 
Transconductance 


Common-Source 
Power Gain 


TEST CONDITIONS 


Noise Figure 



V DS = 15 V, V GS = 0 V 


V DS = 15 V, I D =5 mA 


V DS = 15 V, 



NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300;is , duty cycle ^2%. 


4-119 
















































































SST108 SERIES .flT£S£SS 

N-Channel JFET 


The SST108 Series is the surface mount equivalent 
of our J108 device types. It features the lowest 
rDS(ON) of any SOT-23 JFET device, which makes it 
especially well suited for analog switching 
applications. Siliconix’ surface mount commitment 
features low cost performance for a wide range of 
commercial applications as well as tape and reel 
options for automatic insertion and high-volume 
assembly. (See Section 8.) 

For further design information please consult the 
typical performance curves NIP which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-92, See J108 Series 

• TO-52, See 2N5432 Series 

• Chips, Order J1XXCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 

MAX 

(n> 

ID (OFF) 
TYP 
(PA) 

*ON 

TYP 

(ns) 

SST108 

-10 

8 

20 

4 

SST109 

-6 

12 

20 

4 

SST110 

-4 

18 

20 

4 


SOT-23 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 


PRODUCT MARKING 

SST108 

108 

SST109 

109 

SST110 

no 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

V GD 

-25 

V 

Gate-Source Voltage 

VgS 

-25 

Gate Current 

• g 

50 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 


Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

T L 

300 
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iliconix 

incorporated 


SST 108 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

SST108 

SST109 

SST110 

UNIT 





MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

I g = -1MA,V ds =0V 

-32 

-25 


E3 


-25 


1 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 5 V, l D = 1 jiA 


-3 

-10 

B 



-4 

Saturation Drain 
Current 3 

•dss 

V DS = 15 V, V GS - o V 


80 


40 


10 



Gate Reverse Current 

Igss 

V GS = -15 V 

-0.01 


-3 




-3 

nA 

V DS = 0 V T a = 125°C 

-5 







Gate Operating 

Current 

>G 

V DG = 1 0 V, 1 D = 10 mA 

-0.01 







Drain Cutoff Current 

*D(OFF) 

V D s = 5 V, V GS = -10 V 



3 





V DS = 5 V, V GS = -10 V 

T a = 125°C 

fl 







Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V, V DS £ 0.1 V 



8 




18 

XI 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

Ofs 

V D q = 5 V, l D = 10 mA 

f = 1 kHz 

17 







mS 

Common-Source 
Output Conductance 


600 







iiS 

Drain-Source 

On-Resistance 


V GS = 0V, l D = 0V 
f = 1 kHz 



8 




18 

XI 

Common-Source 

Input Capacitance 

EH 

V DS = 0 V. V GS = 0 V 
f = 1 MHz 

60 


85 




B 

PF 

Common-Source 
Reverse Transfer 
Caoacitance 

1 

V DS = 0 V, v GS = -10 V 
f = 1 MHz 

11 


15 


15 


B 

Equivalent Input 

Noise Voltage 

e n 

V D g = 5 V, l D = 10 mA 
f = 1 kHz 

3.5 






B 

nV^ 

SWITCHING 

Turn-on Time 

*d(ON) 

Vdd = 1 .5 V. V G s(on) = 0 V 

P/N 1 D(ON) V GS (OFF) R L 

SST108 10 mA -12 V 1 50 XX 

SST109 10 mA -7 V 150 XI 

SST110 10 mA -5 V 150X1 

3 







ns 

tr 

1 







Turn-off Time 

^d(OFF) 

4 







tf 









NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjlS , duty cycle £3%. 
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SST111 SERIES 

.JET" i n c □ rp □ rat e d 

N-Channel JFET 


The SST111 Series is the surface mount equivalent 
of our Jill device types. Its low cost and ros(on) 
make it a good choice for an all-purpose analog 
switch, while its high gf S and good high-frequency 
response also make this product useful in a 
high-gain amplifier mode. Like all SOT-23 products 
available from Siliconix, tape and reel capabilities 
exist for automated assembly. (See Section 8.) 

For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


PART 

NUMBER 

Vgs(OFF) 

MAX 

(V) 

r ds(ON) 

MAX 

(Cl) 

ID (OFF) 
TYP 
(PA) 

tON 

TYP 

(ns) 

SST1 1 1 

-10 

30 

5 

4 

SST112 

-5 

50 

5 

4 

SST113 

-3 

100 

5 

4 


SOT-23 TOP VIEW 



SIMILAR PRODUCTS 

• TO-92, See Jill Series 

• TO-18, See 2N4391 Series 

• Duals, See 2N5564 Series 

• Chips, Order J11XCHP 


1 GATE 

2 DRAIN 

3 SOURCE 


PRODUCT MARKING 

SST1 1 1 

C11 

SST112 

C12 

SST113 

C13 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-35 

V 

Gate-Source Voltage 

Vgs 

-35 

Gate Current 

•g 

50 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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JEf i n c □ r p □ r ate d SST111 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

SST111 

SST112 

SST113 

UNIT 



MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 



-55 

-35 




-35 


V 

Gate-Source 

Cutoff Voltage 


V DS = 5 V, 1 D = 1 JJ.A 


-3 

-10 

-1 

-5 


-3 

Saturation Drain 
Current 3 


V DS = 15 V, V GS = 0 V 




5 


2 


mA 

Gate Reverse Current 

m 

V GS = -15V 

-0.005 


-1 


-1 


-1 

nA 

V DS = 0 V T a =125°C 

-3 







Gate Operating 

Current 

l G 

V DG = 1 5 V, 1 D = 10 mA 

-5 







pA 

Drain Cutoff Current 

■d(OFF) 

V DS = 10 V, V GS = -12 V 

0.005 


1 


1 


1 

nA 

V D s = 10 V, V GS = -12 V 

T A = 125°C 

3 







Drain-Source 

On-Resistance 

m 

V GS = 0 V, V DS =0.1 V 



30 




100 

SI 

Gate-Source 

Forward Voltage 

m 

l G =1 mA, V DS = 0 V 

0.7 







V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DG = 20 V, l D = 1 mA 

6 







mS 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 

25 







JiS 

Drain-Source 

On-Resistance 

r ds(ON) 

v GS = 0 V, l D = 0 V 
f = 1 kHz 



30 


50 


100 

SI 

Common-Source 

Input Capacitance 

C iss 

V DS = 0 V, V GS = -10 V 
f = 1 MHz 

m 


n 


n 


n 

PF 

Common-Source 
Reverse Transfer 
Capacitance 

| | 

D 


H 


D 


B 

Equivalent Input 

Noise Voltage 

D 

V DG = 10 V, l D = 1 mA 
f = 1 kHz 

4 







ny 

WhI 

SWITCHING 

Turn-on Time 

td(ON) 

V DD = 10 V, V GS(ON) = o V 

P/N Id(ON) V GS(OFF) r l 

SST111 12.5 mA -12 V 800 SI 
SST112 6.25 mA -7 V 1600 ^1 
SST113 3.1mA -5 V 3200 ^ 

2 


■ 





ns 

tr 

2 







Turn-off Time 

td(OFF) 

6 







tf 

15 








NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300iiS, duty cycle £3%. 
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SST174 SERIES 


CT’Siliconix 

J-W incorporated 


P-Channel JFET 


The SST174 Series is a low-cost p-channel analog 
switch designed to provide low on-resistance and 
fast switching. It works well in conjunction with 
Siliconix’ Jill Series for complimentary switching 
applications. It features a SOT-23 package and is 
available tape and reeled to support automated 
assembly. (See Section 8.) 

For further design information please consult the 
typical performance curves PSCIA which are 
located in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

** ds(ON) 
MAX 

(a) 

*GSS 

MAX 

(nA) 

*ON 

TYP 

(ns) 

SST174 

10 

85 

1 

25 

SST175 

6 

125 

1 

25 

SST176 

4 

250 

1 

25 

SST177 

2.25 

300 

1 

25 


SOT-23 TOP VIEW 


SIMILAR PRODUCTS 

• TO-18, See 2N5114 Series 

• TO-92, See J174 Series 

• Chips, Order J17XCHP 



id 


H 2 

ID 3 


1 GATE 

2 DRAIN 

3 SOURCE 


PRODUCT MARKING 

SST174 

S74 

SST175 

S75 

SST176 

S76 

SST177 

S77 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

30 

V 

Gate-Source Voltage 

Vgs 

30 

Gate Current 

• g 

-50 

Hi 

Power Dissipation 

Pd 

350 

m 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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iliconix 

incorporated 


SST174 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


SST174 

SST175 

UNIT 

TYP 2 

MIN 

MAX 



STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = 1J1A, V DS = 0 V 






1 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = -15 V, l D = -10 nA 


D 

m 

3 

6 

Saturation Drain 
Current 3 

•dss 

V DS = -15 V, V GS = 0 V 




-7 

-70 

D 

Gate Reverse Current 

m 

Vrr = 20 V 



i 


1 


V DS = 0V T a = 125°C 

5 





Gate Operating 

Current 

•g 

V DG = -15 V, l D = -1 mA 

10 





PA 

Drain Cutoff Current 


V DS = -15 V, V GS = 10 V 





■ 

V DS =-15 V, V GS = 10 V 

T a = 125°C 

■ 





nA 

Drain-Source 

On-Resistance 

r DS(ON) 

v GS = 0 V, V DS = -0.1 V 



85 



a 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = -1 mA, V DS = 0 V 

-0.7 





V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DS = -15 V, l D = -1 mA 

f = 1 kHz 

4.5 





mS 

Common-Source 
Output Conductance 

9os 

20 





iiS 

Drain-Source 

On-Resistance 


V GS = 0 V, 1 D = 0 mA 
f = 1 kHz 



85 



SI 

Common-Source 

Input Capacitance 


V DS = 0 V. V GS = 0 V 
f = 1 MHz 

20 





PF 

Common-Source 
Reverse Transfer 
Caoacitance 

Q-ss 

V DS = 0 V, V GS = 10 V 
f = 1 MHz 

5 




H 

Equivalent Input 

Noise Voltage 

©n 

V DS = -10 V, l D = -1 mA 
f = 1 kHz 

20 





nV/ 

'VhT 

SWITCHING 

Turn-on Time 

td(ON) 

V GS(ON) = 0 V 

P/N V DD V GS( off) r l 

SST174 -10 V 12 V 560 SI 

SST175 -6 V 8 V 1200 XL 

10 





ns 

tr 

15 





Turn-off Time 

^d(OFF) 

10 





tf 

20 






NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 mS, duty cycle £3%. 
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SST174 SERIES 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 

Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current 


Gate Operating 
Current 


Drain Cutoff Current I •d(off) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 


Turn-off Time 


Siliconix 

incorporated 



TEST CONDITIONS 


>G 

= IMA, V DS = 

= 0 V 

V DS 

= -15 V, 

■d = 

-10 nA 

to 

O 

> 

= -15 V, 

V GS 

= 0 V 

Vqs = 

20 V 



V D S = 

0 V 

_[ 

T a = 125°C 

V DG 

= -15 V, 

1 D = 

-1 mA 

CO 

Q 

> 

= -15 V, 

V GS 

= 10 V 

V DS 

= -15 V, 

V QS 

= 10 V 


T a = 125°C 


V GS 

= 0 V, V DS = 

-0.1 V 

>G : 

= -1 mA , 

V DS 

= 0 V 


V DS = -15 V, I D = -1 mA 
f = 1 kHz 

Vqs = 0 V, I □ = 0 mA 
f = 1 kHz 


V DS = 0 V, V GS = 0 V 

f = 1 MHz 

V D s = 0V, Vq S = 10 V 
f = 1 MHz 

V DS = -10 V, l D =-1 mA 
f = 1 kHz 




V GS(ON) = 0 V 


P/N 

V DD 

V GS(OFF) 

Rl 

SST176 

-6 V 

6 V 

5600 n 

SST177 

-6 V 

3 V 

10000 SI 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 MS, duty cycle <3%. 
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SST201 SERIES 

N-Channel JFETs 


The SST201 Series is the SOT-23 equivalent of our 
popular J201 Series. It features low leakage, very 
low noise, and low cutoff voltage for use with low 
level power supplies. The SST201 and SST204 are 
excellent for battery operated equipment and low 
current amplifiers. The SST201 Series’ SOT-23 
package affords low cost and compatibility with 
automated assembly techniques. (See Section 8.) 

For further design information please consult the 
typical performance curves NPA which are located 
in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V (BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

Idss 

MAX 

(mA) 

SST201 

-1.5 

-40 

0.5 

1 

SST202 

-4 

-40 

1 

4.5 

SST203 

-10 

-40 

1.5 

20 

SST204 

-2 

-25 

0.5 

3 


SOT-23 TOP VIEW 


SIMILAR PRODUCTS 

• TO-18, See 2N4338 Series 

• TO-92, See J201 Series 

• Chips, Order J20XCHP 



1 GATE 

2 SOURCE 

3 DRAIN 


PRODUCT MARKING 

SST201 

P01 

SST202 

P02 

SST203 

P03 

SST204 

P04 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

VgD 

-40 

■ 

Gate-Source Voltage 

Vgs 

-40 

Gate Current 

<g 

50 


Power Dissipation 

Pd 

350 


Power Derating 


2.8 


Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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SST201 SERIES .BUSSES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


SST201 

SST202 

UNIT 

TYP 2 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = -1 -lla, V ds = 0 V 

-57 

J||jj 

H 

-40 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, l D = 10 nA 



D 


El 

Saturation Drain 
Current 3 

•dss 

V DS = 20 V, V GS = 0 V 


H^ni 

D 


B 

9 

Gate Reverse Current 

■gss 

Vr,s = -20 V 

-2 

8jM 

-100 

HI 


m 

V DS = o V T a = 125°C 

-1 





H 

Gate Operating 

Current 

•g 

V DG = 15 V, l D = 0.1 mA 

D 





PA 

Drain Cutoff Current 

'd(OFF) 

V DS = 15 V, V GS = -10 V 

2 





Gate-Source 

Forward Voltage 

V GS(F) 

1 G = 1 mA , V DS = 0 V 

0.7 




■ 

V 

DYNAMfC 

Common-Source 

Forward 

T ransconductance 

9fs 

V D g = 20 V , V GS = 0 V 
f = 1 kHz 


0.5 


a 

■ 

mS 

Common-Source 

Input Capacitance 

Cjss 

V DS = 20 V, V GS = 0 V 

□ 






Common-Source 

Reverse Transfer 
Capacitance 

Q-ss 

f = 1 MHz 

mu 





Equivalent Input 

Noise Voltage 

in 

Vds = 10 V, V GS = 0 V 
f = 1 kHz 

El 







NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle £3%. 













































inS?S5!!5 SST201 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


SST203 

SST204 

UNIT 

TYP 2 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

i g = -ima, V ds = 0 V 

-57 



-25 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 20 V, l D = 10 nA 


B 




Saturation Drain 
Current 3 

!dss 

V DS = 20 V, V GS = 0 V 


B 




mA 

Gate Reverse Current 

^SS 

Vr,s = -20 V 

-2 





wm 

V D s = 0 V T a = 125°C 

-1 






Gate Operating 

Current 

■g 

V dg = 15 V, l D = 0.1 mA 

m 





PA 

Drain Cutoff Current 

!d(off) 

V DS = 15 V, V GS = -10 V 

n 


B 



Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

b 





V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 20 V, V GS = 0 V 
f = 1 kHz 




0.5 


mS 

Common-Source 

Input Capacitance 

C|SS 

Vds = 20 V, V GS = 0 V 

4.5 


B 



PF 

Common-Source 
Reverse Transfer 
Capacitance 


f = 1 MHz 

1.3 



B 


Equivalent Input 

Noise Voltage 

e n 

Vds = 10 V, V GS = 0 V 
f = 1 kHz 

6 





Ml 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300^ , duty cycle ^3%. 
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SST270 SERIES 


CT'Siliconix 

JLm incorporated 


P-Channel JFET 


The SST270 Series is an all-purpose amplifier for 
designs requiring p-channel operation. These 
devices feature high gain, low noise and tight 
Vgs(OFF) limits for simple circuit design. They are 
available in low-cost SOT-23 packages and are fully 
compatible with automatic insertion techniques. 
(See Section 8 for details.) 

For further design information please consult the 
typical performance curves PSCIA which are 
located in Section 7. 

SIMILAR PRODUCTS 

• TO-92, See J270 Series 

• Chips, Order J27XCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• dss 
MAX 
(mA) 

SST270 

2.0 

30 

6 

-15 

SST271 

4.5 

30 

8 

-50 


SOT-23 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 


PRODUCT MARKING 

SST270 

S70 

SST271 

S71 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

30 

V 

Gate-Source Voltage 

Vgs 

30 

Gate Current 

• g 

-50 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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SST270 SERIES 


nr Silicon ix 

JLM incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


SST270 

SST271 

UNIT 

TYP 2 

MIN 

MAX 



STATIC 

Gate-Source 
Breakdown Voltage 


l G = 1 JiA, V DS = 0 V 

45 

30 


30 


V 

Gate-Source 

Cutoff Voltage 


V DS = -15 V, l D = -1 nA 


0.5 

2.0 

1.5 

m 

Saturation Drain 
Current 3 

1 

V DS = -15 V, V GS = 0 V 


H 




mA 

Gate Reverse Current 

•gss 

V GS = 20 V 



200 


200 

139 


5 






Gate Operating 

Current 

•g 

V DG = -1 5 V, l D = -1 mA 

10 





i 

Drain Cutoff Current 

1 D(OFF) 

V DS = -15 V, V GS = 10 V 

-10 

■ 




Gate-Source 

Forward Voltage 

V GS(F) 

l G = -1 mA, V DS = 0V 

-0.7 






DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9f s 

V DS = -1 5 V, V GS = 0 V 

■ 

6 

15 

8 

18 

mS 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 






iiS 

Common-Source 

Input Capacitance 


V DS = -15 V, V GS = 0 V 






PF 

Common-Source 
Reverse Transfer 
Capacitance 

c rss 

f = 1 MHz 

fl 





Equivalent Input 

Noise Voltage 

®n 

V DS = -10 V, V GS = 0 V 
f = 1 kHz 

20 

■ 




nV/ 

/ VhI 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300,uS, duty cycle £3%. 

























































SST308 SERIES 


Siliconi x 

JmM incorporated 


N-Channel JFETs 


The SST308 Series is the surface mount equivalent 
of our popular J308 Series. It features high-gain 
(> 8000 jjlS), low noise (typically < 6 nVs/Hz) and 
low gate leakage (typically < 2 pA). Of special 
interest, however, is performance at high 
frequency. Even at 450 MHz, the SST308 Series 
offers high power gain and low noise. Tape and 
reel options are available to support automated 
assembly. (See Section 8.) 

For additional design information and a closer look 
at high-frequency characteristics, please consult 
performance curves NZB which are located in 
Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• dss 
MAX 
(mA) 

SST308 

-6.5 

-25 

8 

60 

SST309 

-4 

-25 

10 

30 

SST310 

-6.5 

-25 

8 

60 


SOT-23 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 


SIMILAR PRODUCTS 

• TO-92, See J308 Series 

• TO-52, See U308 Series 

• Dual, See U430 Series 

• Chips, Order J30XCHP 


PRODUCT MARKING 

SST308 

Z08 

SST309 

Z09 

SST310 

Z10 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

• g 

10 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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CT’Siliconix 

MmW incorporated 


ELECTRICAL CHARACTERISTICS 1 


SST308 SERIES 




PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 


Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current I loss 


Gate Operating 
Current 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 

Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 

Equivalent Input 
Noise Voltage 


HIGH FREQUENCY 


Common-Gate Foward 
T ransconductance 


Common-Gate Output 
Conductance 


Common-Gate Power 
Gain 4 


Noise Figure 



TEST CONDITIONS 



SST308 

TYP 2 MIN MAX 


• G - 

-IMA, 

V DS 

= 0 V 

V DS 

= 10 V, 

•d = 

1 nA 

v DS 

= 10 V, 

V G s 

= 0 V 

V GS 

= -15 V 



| v DS = o V 


=125°C 

V DG 

= 9 V, 1 

D = 1 

0 mA 

V GS 

= 0 V, 1 

D = 

1 mA 

•g = 

10 mA, 

V DS 

= 0 V 



BMMBBjl 

OPPPPPP 


30 24 60 


CO 

Q 

> 

= 1 0 V, 1 

D - 

10 mA 


f = 1 

kHz 


V GS 

= -10 V, 

V DS 

= 10 V 


f = 1 

MHz 


V DS 

= 10 V, 

•d = 

10 mA 


f = 100 Hz 





f = 105 MHz 

15 







f = 450 MHz 

13 







f = 105 MHz 

0.16 







f = 450 MHz 

0.55 







f = 105 MHz 

16 







f = 450 MHz 








f = 105 MHz 

S3 







f = 450 MHz 

mm 








NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 ms , duty cycle ^3%. 

4. Gain (G pg ) measured at optimum input noise match. 
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SST404 SERIES J7B*S& 

N-Channel JFET Pairs 


The SST404 Series is the surface mount equivalent 
of our U401 Series. It is available in a SO-8 
package with three ranges of offset and drift 
specifications. It features extremely low noise and 
gate leakage and is intended for use in a wide 
range of precision instrumentation. For ease of 
manufacturing, the symmetrical pinout prevents 
improper orientation. Finally, tape and reel options 
are available to make this product compatible with 
automatic assembly methods. (See Section 8.) 

For additional design information please see 
performance curves NNR, which are located in 
Section 7. 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

• g 

MAX 

(PA) 

I^GSi “ Vqs 2 | 
MAX 
(mV) 

SST404 

-50 

2 

-15 

15 

SST405 

-50 

2 

-15 

20 

SST406 

-50 

2 

-15 

40 


SO-8 TOP VIEW 


SIMILAR PRODUCTS 

• TO-71 , See U401 Series 

• Chips, Order U40XCHP 



Si [E 
Di E 
Gi IE 
N/CDI 


ID N/C 
ID G 2 
ID D 2 
ID S 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-50 

V 

Gate-Source Voltage 

Vgs 

-50 

Forward Gate Current 

Ig 

10 

mA 

Power Dissipation 

Per Side 

Pd 

300 

mW 

Total 

500 

Power Derating 

Per Side 


2.4 

mW/°C 

Total 


Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 


-55 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


4-134 





















y incorporated SST404 SERIES 


ELECTRICAL CHARACTERISTICS 1 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


STATIC 


Gate-Source 
Breakdown Voltage 

V (BR)GSS 

i g = -ima, V DS = 0 V 

Gate-Gate 

Breakdown Voltage 

V (BR)G1 - G2 

1 G = ± 1 MA, V DS = 0 V 

V GS = 0 V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 15 V, l D = 1 nA 

Saturation Drain 3 
Current 

■dss 

V ds = 15V, V gs = 0 V 

Gate Reverse 

Current 

'gss 

V GS = -30 V 
v DS = o V 

T A = 125°C 

Gate Operating 
Current 

■g 

V DG = 15 V 
l D = 200 M 

T a = 125°C 

Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V, l D = 0.1 mA 

Gate-Source Voltage 

V GS 

V dg = 15 V, l D = 200 M 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V dg = 15 V, l D = 200 JJLA 
f = 1 kHz 

Common-Source 
Output Conductance 

9os 

Common-Source 

Forward 

T ransconductance 

Qfs 

V DS = 10 V, V GS = 0 V 
f = 1 kHz 

Common-Source 
Output Conductance 

9os 

Common-Source 

Input Capacitance 

C iss 

V dg = 15 V, 1 D = 200 JJLA 
f = 1 MHz 

Common-Source 
Reverse Transfer 
Capacitance 

^rss 

Equivalent Input 

Noise Voltage 

®n 

V DG = 15 V, 1 D = 200 JJLA 
f = 10 Hz 


MATCHING 


Differential 
Gate-Source Voltage 

| V GS1" V GS2 | 

V D g= 10 V, l D = 200 JJLA 

Gate-Source Voltage 
Differential Change 
with Temperature 

a |v G si-Vqs 2 | 

v DG = 10 V 

T = -55 to 25°C 

at 

l D = 200 J1A 

T = 25 to 125°C 

Common Mode 
Rejection Ratio 


V DG = 10 to 20 V, l D = 200 JJLA 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300ji.s , duty cycle £3%. 
















































































SST440 SERIES 


ex' Silicon ix 

J-M incorporated 


N-Channel JFET Pairs 


The SST440 Series are monolithic pairs of JFETs 
mounted in a single SO-8 package. The SST440 
Series features high speed amplification (slew 
rate), high gain (typically > 6 mS), and low gate 
leakage (typically < 1 pA). This performance 
makes these devices perfect for use as wideband 
differential amplifiers in demanding test and 
measurement applications. Finally, its SO-8 
package is available in tape and reel to support 
automated assembly. (See Section 8.) 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

Ig 

MAX 

(PA) 

|VgSi ” V GS2| 
MAX 
(mV) 

SST440 

-25 

4.5 

-500 

10 

SST441 

-25 

4.5 

-500 

20 


For additional design information please see 
performance curves NNZ, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-71, See U440 Series 

• TO-78, See U443 Series 

• Low Noise, See SST404 Series 

• Chips, Order U44XCHP 


SO-8 TOP VIEW 



Si UZ 
Di E 
Gi CE 
N/C 0 C 


| ID N/C 
ID G2 
ID D2 
ID S 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

V G D 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Forward Gate Current 

>G 

50 

mA 

Power Dissipation 

Per Side 

Pd 

300 

mW 

Total 

500 

Power Derating 

Per Side 


2.4 


Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

T L 

300 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 


SST440 SERIES 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 

Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse 
Current 


Gate Operating 
Current 


Gate-Source 
Forward Voltage 




TEST CONDITIONS 


l G = -1 JJLA, V DS = 0V 
V DS = 10 V, l D = 1 nA 
V DS = 10 V, V GS = 0 V 
Vgs = -15V 

V DS = 0 V T a = 125°C 
V DG = 10 V 

1 D = 5 mA I T a = 125°C 


g = 1 mA, V DS = 0 V 


SST440 

SST441 


MIN 

MAX 

MIN 

MAX 

UNIT 


-25 


-1 

-6 

6 

30 


-500 




-500 





Common-Source 

Forward 

T ransconductance 

Qfs 

Common-Source 

Output Conductance 

9os 

Common-Source 

Forward 

T ransconductance 

9f S 

Common-Source 

Output Conductance 

9os 

Common-Source 

Input Capacitance 

C iss 

■s i ttiii rum — 

^rss 


Equivalent Input 

Noise Voltage 

e n 


V DG = 1 0 V, I D = 5 mA 
f = 1 kHz 


V DG = 1 0 V, I D = 5 mA 
f = 100 MHz 


Vn G = 1 0 V, I r> = 5 mA 


V DG = 1 0 V, I D = 5 mA 
f = 10 kHz 



Differential 

Gate-Source Voltage 

Gate-Source Voltage 
Differential Change 
with Temperature 


Saturation 
Drain Current Ratio 

Transconductance 

Ratio 


Common Mode 
Rejection Ratio 


| V GS1 _V GS2 | 

V DG = 10 V, l D = 5 mA 

7 

A I V GS1 _V GS2| 

Vnr, = 10 V T = -55 to 25°C 

10 

AT 

l D = 5 mA T = 25 to 125°C 

10 

bssi 

*DSS2 

Vq S = 10 V, v GS = 0 V 

0.98 

9 fsl 

V DG = 1 0 V, 1 D = 5 mA 


9 fs2 

f = 1 kHz 

0.98 

CMRR 

Vqd = 5 to 10 V, l D = 5 mA 

90 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 ms , duty cycle £3%. 
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SST4091 SERIES 


CT’Siliconix 

incorporated 


N-Channel JFET 


The SST4091 Series is the surface mount 
equivalent of our popular 2N4091 device types. Its 
low cost and ros(on) make it a good choice for an 
all-purpose analog switch, while its high 9fs and 
good high-frequency response also make this 
product useful in a high-gain amplifier mode. Like 
all SOT-23 products available from Siliconix, tape 
and reel capabilities exist for automated assembly. 
(See Section 8.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(a) 

Id (OFF) 
TYP 
(PA) 

t ON 

TYP 

(ns) 

SST4091 

-10 

30 

5 

4 

SST4092 

-7 

50 

5 

4 

SST4093 

-5 

80 

5 

4 


SOT-23 TOP VIEW 


For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 



m 


ID 2 

id 3 


1 GATE 

2 DRAIN 

o cm irpf 

SIMILAR PRODUCTS 


• TO-18, See 2N4091 Series 

• TO-92, See PN4091 Series 

• Duals, See 2N5564 Series 

• Chips, Order 2N409XCHP 


PRODUCT MARKING 

SST4091 

C4 1 

SST4092 

C42 

SST4093 

C43 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

limit 

UNITS 

Gate-Drain Voltage 

Vgd 

-35 

V 

Gate-Source Voltage 


-35 

Gate Current 

• g 

10 


Power Dissipation 

Pd 

350 


Power Derating 


2.8 


Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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fOTSiliconix 

JLJr incorporated 


ELECTRICAL CHARACTERISTICS 1 


SST4091 SERIES 



PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 

Gate-Source 
Cutoff Voltage 


Saturation Drain 
Current 3 


Gate Reverse Current Iqss 


Gate Operating 
Current 


■ 

I 

■ 


Drain Cutoff Current I Id (OFF) 


Drain-Source 

On-Voltage 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 

Drain-Source 

On-Resistance 

Common-Source 
Input Capacitance 

Common-Source 
Reverse Transfer 
Capacitance 


Equivalent Input 
Noise Voltage 


SWITCHING 


Turn-on Time 

Turn-off Time 


TEST CONDITIONS 




l G = -1 JiA, V DS = 0 V 
V DS = 20 V, l D = 10 nA 
V DS = 20 V, V GS = 0 V 


LIMITS 


SST4092 


MIN MAX MIN MAX 




■HDBB 



V GS = -15 V 

V DS = o V T a = 125°C 

V DG = 15 V, l D = 10 mA 

V DS = 10 V, v GS = -10 V 

V DS = 10 V, V GS = -10 V 
T a = 125°C 

l D = 6.6 mA| 0.15 
V GS = 0 V l D = 4 mA 0.15 
1 D = 2.5 mA| 0.15 

V GS = 0 V, I D = 1 mA 

l G = 1 mA, V DS = 0 V 


V DG = 10 V, l D = 1 mA 
f = 1 kHz 

V GS = 0 V, l D = 0 V 
f = 1 kHz 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 


V DS = o V, V GS = -20 V 
f = 1 MHz 

V D g = 1 0 V, I D = 1 0 mA 
f = 1 kHz 


0.2 


80 

XI 


V 



mS 

us 

80 

XI 


V D d = 5 V, V GS( on) = 0 V 

P/N I D(ON) V GS(OFF) R L 
. .SST4091 6.6 mA -12 V 425 XI 

T d(OFF) I SST4092 4 mA -8 V 700 XI 

i" ISST4093 2.5 mA -6 V 1120X1 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjlS , duty cycle £3%. 
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SST4391 SERIES 


fCr'Siliconix 

incorporated 


N-Channel JFET 


The SST4391 Series is the surface mount 
equivalent of our popular 2N4391 device types. Its 
low cost and ros(on) make it a good choice for an 
all-purpose analog switch, while its high 9fs and 
good high-frequency response also make this 
product useful in a high-gain amplifier mode. Like 
all SOT-23 products available from Siliconix, tape 
and reel capabilities exist for automated assembly. 
(See Section 8.) 

For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 

(n> 

Id(off) 

TYP 

(PA) 

*ON 

TYP 

(ns) 

SST4391 

-10 

30 

5 

4 

SST4392 

-5 

60 

5 

4 

SST4393 

-3 

100 

5 

4 


SOT-23 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 


SIMILAR PRODUCTS 

• TO-18, See 2N4391 Series 

• TO-92, See PN4391 Series 

• Duals, See 2N5564 Series 

• Chips, Order 2N439XCHP 


PRODUCT MARKING 

SST4391 

C91 

SST4392 

C92 

SST4393 

C93 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

VgD 

-35 

V 

Gate-Source Voltage 


-35 

Gate Current 

Ig 

50 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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TSiliconix 

9 incorporated 


SST4391 SERIES 


ELECTRICAL CHARACTERISTICS 


LIMITS 


SST4391 

SST4392 

SST4393 

MIN 

MAX 



MIN 

MAX 


PARAMETER 


SYMBOL 


TEST CONDITIONS 


TYP" 


UNIT 


STATIC 



l G = -1 JlA, V DS =0 V 

1 ” 55 1 








Gate-Source 
Breakdown Voltage 


Gate-Source 

Cutoff Voltage 


Saturation Drain 
Current 3 

■dss 

Gate Reverse Current 

m 

Gate Operating 

Current 

■g 

Drain Cutoff Current 

■d(OFF) 

Drain-Source 

On-Voltage 

V DS(ON) 

Drain-Source 

On-Resistance 

r DS(ON) 

Gate-Source 

Forward Voltage 

V GS(F) 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 

Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 

■ 

Equivalent Input 

■ 

Noise Voltage 



SWITCHING 


Turn-on Time 

td(ON) 

t r 


Turn-off Time 


I t/l 




P/N 


'□(ON) v GS(OFF) 


2 


SST4391 12 mA -12 V 800.0, — ~ ns 

SST4392 6 mA -7 V 1600,0, b 


SST4393 3 mA -5 V 3200,0, 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle ^3%. 
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SST4416 


Cl Siliconix 

JLJP incorporated 


N-Channel JFET 


The SST4416 is the SOT-23 equivalent of our 
popular PN4416 Series, designed to provide 
high-performance amplification, especially at 
high-frequency. These parts feature low noise, 
high gain, and provide a wide bandwidth. To 
support the needs of automated assembly 
techniques these low cost devices are available 
with tape and reel options. (See Section 8.) 

For additional design information please see 
performance curves NH, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-72, See 2N4416 

• TO-92, See PN4416 

• Chips, Order PN4416CHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

Idss 

MAX 

(mA) 

SST4416 

-6 

-30 

4.5 

15 


SOT-23 TOP VIEW 



1 SOURCE 

2 DRAIN 

3 GATE 


PRODUCT MARKING 
SST4416 | HI 6 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

V 

Gate-Source Voltage 


-30 

Gate Current 

Ig 

10 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


3.18 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 135 

i 

Storage Temperature 

Tstg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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SST4416 


iOTSiliconix 

JBmEr incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

SST4416 

UNIT 

MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

l G = -1 JJLA, V DS = 0 V 

-36 

-30 


V 

Gate-Source 

Cutoff Voltage 


V D S = 1 5 V, 1 D = 1 nA 

n 


-6 

Saturation Drain 

Current 3 


V DS = 15 V, Vq S = 0 V 

D 

5 

15 

mA 

Gate Reverse Current 


> 

m 

li 

CO 

O 

> 



-1 

nA 

V DS = 0 v | Ta = i25°C 




Gate Operating 

Current 

1 G 

V DG = 1 0 V, 1 D = 1 mA 

g 



PA 

Drain Cutoff Current 

■d (OFF) 

V DS = 10 V, V GS = -6 V 

D 



Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V , l D = 1 mA 




SI 

Gate-Source 

Forward Voltage 

V GS(f) 

l G = 1 mA, V DS = 0V 

D 



V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 3 

9fs 

V DS = 15 V, V GS = 0 V 

D 

4.5 

7.5 

mS 

Common-Source 

Output Conductance 3 

9os 

f = 1 kHz 

B 


50 

MS 

Common-Source 

Input Capacitance 

Ciss 


2.2 


4 

PF 

Common-Source 

Reverse Transfer 

CaDacitance 

| 

V DS = 15 V, V GS = 0 V 

f = 1 MHz 

0.7 


0.8 

Common-Source 

Output Capacitance 


B 


2 

Equivalent Input 

Noise Voltage 

©n 

V DS = 10 V, V GS = 0 V 
f = 100 Hz 

9 



rN/ 

/ Vh7 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 ms , duty cycle £2%. 
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SST4859 SERIES 


CT'Siliconix 

JLM incorporated 


N-Channel JFET 


The SST4859 Series is the surface mount 
equivalent of our 2N4859 device types. Its low cost 
and ros(on) make it a good choice for an 
all-purpose analog switch, while its high 9fs and 
good frequency response also make this product 
useful in a high-gain amplifier mode. Like all 
SOT-23 products available from Siliconix, tape and 
reel capabilities exist for automated assembly. 
(See Section 8.) 

For further design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 

MAX 

(H) 

Id(off) 

TYP 

(PA) 

*ON 

TYP 

(ns) 

SST4859 

-10 

25 

5 

2 

SST4860 

-6 

40 

5 

3 

SST4861 

-4 

60 

5 

4 


SOT-23 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 


SIMILAR PRODUCTS 

• TO-18, See 2N4859 Series 

• TO-92, See PN4091 Series 

• Duals, See 2N5564 Series 

• Chips, Order 2N485XCHP Series 


PRODUCT MARKING 

SST4859 

C59 

SST4860 

C60 

SST4861 

C61 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

V 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

Ig 

50 

mA 

Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

T|_ 

300 
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CJT Siliconix 

JLm incorporated 


ELECTRICAL CHARACTERISTICS 1 


SST4859 SERIES 






SST4859 

SST4860 

SST4861 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN MAX 


MIN MAX 

UNIT 


STATIC 


Gate-Source „ 

Breakdown Voltage (BR)gss 

Gate-Source 

Cutoff Voltage GS(OFF) 

Saturation Drain |p. ec 

f' nrrnnta UOJ3 


Saturation Drain 
Current 3 


q = -1 J*A , V DS = 0 V 


V DS = 15 V, l D = 10 nA 
V DS = 15 V, V GS = 0 V 


-55 -30 


-4 -10 

50 



Gate Reverse Current I Iqss 


Gate Operating 
Current 


Drain Cutoff Current I Id(off) 


Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


V gs = -15 V 
V DS = 0 V 


T A = 125°C -3 


V DG = 15 V, l D = 10 mA 
V DS = 15 V, V GS = -10 V 


V D s = 15 V, V GS = -10 V 
T A = 125°C 


10 V 0.005 
10 V 

3 


Common-Source 

Forward 

Transconductance 

9fs 

Common-Source 
Output Conductance 

9os 

Drain-Source 

On-Resistance 

r ds(ON) 

Common-Source 

Input Capacitance 

^iss 

Common-Source 
Reverse Transfer 
Caoacitance 

Crss 

Equivalent Input 

Noise Voltage 

®n 


SWITCHING 


Turn-on Time 


Turn-off Time 


V G s = 0 V, I d = 1 mA 
l G = 1 mA, V DS = 0 V 


V DG = 20 V, I D = 1 mA 
f = 1 kHz 

V GS = 0 V, In =0V 


V DS = 0 V, V GS = -10 V 
f = 1 MHz 

Vnn = 10 V, In = 10 mA 


td(ON) V DD = 10 V. V G 3(on) = 0 V 
t r P/N lD(ON) V GS(OFF) R L 

-T SST4859 20 mA -10 V 464 X1 

td(OFF) SST4860 10 mA -6 V 953 X1 

t SST4861 5 mA -4 V 1910X1 



nwm 

in 

■■El 




NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 jiS, duty cycle <3%. 
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SST51 14 SERIES 


CX'Siliconix 

JL9 incorporated 


P-Channel JFETs 


The SST5114 Series is a p-channel JFET analog 
switch designed to complement our n-channel 
SST4391 Series. They feature low on-resistance 
and good off-isolation as well as the fast switching 
associated with JFETs. They are housed in SOT-23 
packages and are available tape and reeled to 
support automated assembly. (See Section 8.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

r ds(ON) 
MAX 
(f>) 

•d(OFF) 

MAX 

(PA) 

*ON 

MAX 

(ns) 

SST5114 

10 

75 

-500 

16 

SST5115 

6 

100 

-500 

30 

SST5116 

4 

150 

-500 

60 


For additional design information please see 
performance curves PSCIA, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-18, See 2N5114 Series 

• TO-92, See J174 Series 

• Chips, Order 2N511XCHP 


SOT-23 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 


PRODUCT MARKING 

SST5114 

S14 

SST5115 

S15 

SST5116 

SI 6 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

30 

■ 

Gate-Source Voltage 


30 

Gate Current 


50 


Power Dissipation 

Pd 

350 

mW 

Power Derating 


2.8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

0 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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iliconix 

incorporated 


SST51 14 SERIES 


ELECTRICAL CHARACTERISTICS 1 LIMITS 






SST5114 

SST5115 

SST5116 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN MAX 


MIN MAX 

UNIT 


STATIC 


Gate-Source 
Breakdown Voltage 

V (BR)GSS 

l G = 1 MA, V DS = 0 V 

45 

30 


30 

■ 

30 



Gate-Source 

Cutoff Voltage 

V GS(OFF) 

Saturation Drain 
Current 3 

loss 

Gate Reverse 

Current 

■gss 

Gate Operating 
Current 

1 G 

Drain Cutoff 

Current 

■d(OFF) 

Drain-Source 

On-Resistance 

r DS(ON) 

Gate-Source 

Forward Voltage 

V GS(F) 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 

9fs 

Common-Source 
Output Conductance 


Drain-Source 

On-Resistance 


Common-Source 
Input Capacitance 


Common-Source 
Reverse Transfer 
Capacitance 

H 

Equivalent Input 

Noise Voltage 

e n 


SWITCHING 



Turn-on Time 


Turn-off Time 



Vgs(on) = o v 



6 


mm 


MM 

P/N V DD Id(ON) V GS(OFF) r l 



10 





SST5114 -10 V -15 mA 20 V 130^1 
qq-rc -|-|C _R V —7 mA 1? V QDD XL 



6 


m 



OO 1 O 1 ID U V ( IIIA 1 V «*» 

SST5116 -6 V -3 mA 8 V 2000 



mm 






ns 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 
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SST5912 


CZ'Siliconix 

J-W incorporated 


N-Channel JFET Pair 


The SST5912 is a monolithic pair of JFETs mounted 
in a single SO-8 package. The SST5912 features 
high speed amplification (slew rate) , high gain 
(typically > 6 mS) , and low gate leakage (typically 
< 1 pA). This performance makes these devices 
perfect for use as wideband differential amplifiers in 
demanding test and measurement applications. 
Finally, its SO-8 package is available in tape and 
reel to support automated assembly. (See 
Section 8.) 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

-11 

|VgSi “ V GS 2 | 
MAX 
(mV) 

SST5912 

-25 

5 

-100 

15 


SO-8 TOP VIEW 


For additional design information please see 
performance curves NNZ, which are located in 
Section 7. 



Si 

Di 

Gl 

N/C 


I T 
[ C 
EH 
EE 


m N/C 
ID G2 
ID D2 
fH S 2 


SIMILAR PRODUCTS 

• TO-78, See M5911 Series 

• Low Noise, See SST404 Series 

• Chips, Order M5912CHP 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 


-25 

V 

Gate-Source Voltage 


-25 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation 

Per Side 

Pd 

300 

mW 

Total 

500 

Power Derating 

Per Side 


2.4 


Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

i 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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a 


'Siliconix 

incnrpnrated 


SST5912 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 





SST5912 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BIB 

UNIT 


Gate-Source 
Breakdown Voltage 

Gate-Source 
Cutoff Voltage 

Saturation Drain 
Current 3 


Gate Reverse 
Current 


Gate Operating 
Current 


Gate-Source Voltage 


Gate-Source 
Forward Voltage 



l G = -IMA, V DS = 0 V 
V DS = 10 V. I D = 1 nA 
V DS = 10 V, V G s = 0 V 


V gs = -15V 

V DS = o v t a = i 

V DG = 10V 
! D = 5 rnA 

v dg = 10 V, l D = 5 mA 
l G = 1 mA, V DS = 0 V 



Common-Source 

Forward 

Transconductance 


Common-Source 
Output Conductance 


Common-Source 

Forward 

Transconductance 
Common-Source 
Output Conductance 

Common-Source 
Input Capacitance 



Equivalent Input 
Noise Voltage 

Noise Figure 


MATCHING 


Differential | V GS i-V G s 2 | 

Gate-Source Voltage 

Gate-Source Voltage *iu v I 

Differential Change A l V GSi-V G S2l 
with Temperature AT 

Saturation bssi 

Drain Current Ratio Idss2 

Transconductance 9fsi 

Ratio g f S ? 


Differential 
Gate Current 

Common Mode 
Rejection Ratio 


| 1 G1“ 1 G2 | 
CMRR 


V DG = 1 0 V, I D = 5 mA 
f = 1 kHz 


V DG = 10 V, l D = 5 mA 
f = 100 MHz 


V nG = 1 0 V, I n = 5 mA 


V DG = 1 0 V, I D = 5 mA 
f = 10 kHz 


V DG = 1 0 V, I D = 5 mA 
f = 10 kHz, R g = 100 kXI 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jis , duty cycle ^3%. 



V DG = 10 V, 

1 Q = 5 mA 

V DG = 10 V 

T = -55 to 25°C 

1 □ = 5 mA 

T = 25 to 1 25°C 

V DS = 10 V, 

V GS = 0 V 

V DQ = 10 V, 

l D = 5 mA 

f = 1 

kHz 

V DG = 10 V, 

1 D = 5 mA 

T a = 125°C 

V DD = 5 to 10 V, l D = 5 mA 


7 


15 

10 


40 
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SST6908 SERIES 

N-Channel JFET Circuits 


The SST6908 Series is much more than a JFET. 
The addition of back-to-back diodes effectively 
clamps input “over-voltage” while a high- 
performance JFET provides an effective amplifica- 
tion stage. With the addition of a source resistor, a 
complete common-source amplifier is created 
which provides both low leakage and very low 
noise. This performance is especially effective as a 
small signal pre-amplifier as well as impedance 
matching between low and high impedance 
sources. Finally, its SOT-143 package provides a 
cost effective design solution and is available tape 
and reeled to support automated assembly. (See 
Section 8.) 

For additional design information please see 
performance curves NBB, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• TO-72, See 2N6908 Series 

• Chips, Order 2N69XXCHP 


D 



s 


flT Siliconi x 

incorporated 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(fiS) 

• dss 
MAX 
(mA) 

SST6908 

-1.8 

-30 

100 

2 

SST6909 

-2.3 

-30 

400 

3.5 

SST6910 

-3.5 

-30 

1200 

5 


SOT-143 TOP VIEW 



1 GATE 

2 DRAIN 

3 SOURCE 

4 DIODES (4TH) 


PRODUCT MARKING 

SST6908 

B08 

SST6909 

B09 

SST6910 

B10 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 



PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

Gate-Drain Voltage 

Vgd 

-30 

Gate-Source Voltage 

VgS 

-30 

Forward Gate Current 

• g 

10 

Power Dissipation 

Pd 

350 

Power Derating 


2.8 

Operating Junction Temperature 

Tj 

-55 to 150 

Storage Temperature 


-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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SST6908 SERIES 


CT'Siliconix 

JtLJr incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 






SST6908 

SST6909 

SST6910 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 



MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 


! G = -1MA, V ds = 0 V 
v G4 = 0 V 

-50 



-30 


-30 



Gate-Source 

Cutoff Voltage 


V DS = 10 V, l D = 1 nA 

V G4 = 0 V 







-3.5 

V 

Saturation Drain 
Current 3 4 


V DS = 10 V, V GS = 0 V 

V G4 = 0 V 





Q 


5 


Gate Reverse Current 


V GS = -15 V 
V DS = 0 V 
V G4 = 0 V 


-2 




eh 


-25 

E9 

T A = 125°C 

-1 








Gate Operating 
Current 

D 

V DG = 15 V, l D 

= 50 JlA 

-2 







PA 

Forward Gate Diode 
Current 4 

1 G4 

V G4 = ± 100 mV 

+ 1 




± 10 


± 10 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = ±0.5 mA , V DS = 0 V 

V G4 = 0 V 

+ 0.7 




±1.2 


±1.2 

V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9f S 

V DS = 15 V, V GS = 0 V 



3 


3.5 

1.2 

4 

mS 

Common-Source 
Output Conductance 


< 

8 

n 

o 

< 

1 kHz 



50 


75 


100 

JiS 

Common-Source 

Input Capacitance 

^iss 

V DS = 10 V, v GS = 0 V 



5 


D 


5 

1 

Common-Source 
Reverse Transfer 
CaDacitance 

Crss 

V G4 = 0 V, f 

1 MHz 

1.5 


2 


2 


2 

Equivalent Input 

Noise Voltage 

®n 

< 

O 

co 

II 

II O 

O f' 

CO 

II 

o 

< 

12 


25 


25 


25 


Noise Figure 

NF 

V DS = 15 V, V GS = 0 V, f = 1 kHz 

r G = i m a 

0.1 


1 


1 


1 

dB 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 ^jls , duty cycle £3%. 

4. Forward diode current when a voltage is applied between gate and fourth lead. 


































































SSTDPAD5 SERIES .BUSgsSS 

Dual Low-Leakage Pico-Amp Diodes 


The SSTDPAD5 Series of extremely low-leakage 
diodes provides a superior alternative to 
conventional diode technology when reverse 
current (leakage) must be minimized. These 
devices feature leakage currents ranging from 
-5 pA (SSTDPAD5) to -100 pA (SSTDPAD100) to 
support a wide range of applications. With two 
diodes per package, the SSTDPAD5 Series is well 
suited for use in applications such as input 
protection for operational amplifiers. Its SO-8 
package allows designers to maximize circuit 
performance while maintaining the objectives of low 
cost and compact packaging. Tape and reel is 
available for use with automated assembly 
techniques. (See Section 8.) 


SIMILAR PRODUCTS 

• TO-71/TO-78, See DPAD1 Series 

• TO-92, See JPAD5 Series 

• SOT-23, See SSTPAD5 Series 

• TO-18, See PAD1 Series 

• Chips, Order DPADXXCHP 


PART NO. 

>R 

(PA) 

SSTDPAD5 

-5 

SSTDPAD10 

-10 

SSTDPAD20 

-20 

SSTDPAD50 

-50 

SSTDPAD100 

-100 



1 CATHODE 1 

2 CATHODE 1 

3 ANODE 1 

4 N/C 

5 CATHODE 2 

6 CATHODE 2 

7 ANODE 2 

8 N/C 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Forward Current 

If 

50 

mA 

Total Device Dissipation 

Pd 

400 

mW 

Storage Temperature 


-55 to 125 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tu 

300 
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BfS&S& SSTDPAD5 SERIES 


| ELECTRICAL CHARACTERISTICS 1 | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Reverse Current 

!r 

V R = -20 V 

SSTDPAD5 

-2 


-5 


SSTDPAD1 0 

-2 


-10 

SSTDPAD20 

-5 


-20 

SSTDPAD50 

-10 


-50 

SSTDPAD100 

-10 


-100 

Reverse Breakdown Voltage 

bv r 

l R = -1 ^ 

-50 



■ 

Forward Voltage Drop 

V F 

1 F = 1 mA 



1.5 

DYNAMIC 

Reverse Capacitance 

Cr 

V R = -5 V, f = 1 MHz 

2 


4 

PF 

Differential Capacitance 

l C R1 “ C R2| 

Vri =Vr 2 = -5 V, f = 1 MHz 



0.5 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 































SSTPAD5 SERIES fllSSffiSs 

Low-Leakage Pico-Amp Diodes 


The SSTPAD5 Series of low-leakage diodes 
provides a superior alternative to conventional 
diode technology when reverse current (leakage) 
must be minimized. These devices feature leakage 
currents ranging from -5 pA (SSTPAD5) to -500 pA 
(SSTPAD500) to support varying system require- 
ments. Its SOT-23 package allows designers to 
maximize circuit performance while maintaining the 
objectives of low cost and compact packaging. 
Tape and reel is available for use with automated 
assembly techniques. (See Section 8.) 

SIMILAR PRODUCTS 

• TO-92, See JPAD5 Series 

• TO-18, See PAD1 Series 

• Duals, See SSTDPAD5 Series 

• Chips, Order PADXXCHP 


PRODUCT MARKING 

SSTPAD5 

005 

SSTPAD10 

010 

SSTPAD20 

020 

SSTPAD50 

050 

SSTPAD100 

100 

SSTPAD200 

200 

SSTPAD500 

500 


PART NO. 

Ir 

(PA) 

SSTPAD5 

-5 

SSTPAD10 

-10 

SSTPAD20 

-20 

SSTPAD50 

-50 

SSTPAD100 

-100 

| SSTPAD200 

-200 

SSTPAD500 

-500 


SOT-23 TOP VIEW 



1 ANODE 

2 CATHODE 

3 CATHODE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Forward Current 

If 

10 

mA 

Total Device Dissipation 

Pd 

350 

mW 

Storage Temperature 

T stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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JRS5& SSTPAD5 SERIES 


ELECTRICAL CHARACTERISTICS 1 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Reverse Current 

•r 

V R = -20 V 

SSTPAD5 

-1 


-5 

pA 

SSTPAD10 

-2 


-10 

SSTPAD20 

-4 


-20 

SSTPAD50 

-5 


-50 

SSTPAD100 

-10 


-100 

SSTPAD200 

-15 


-200 

SSTPAD500 

-25 


-500 

Reverse Breakdown Voltage 

bv r 

l R = -1 

o 

CO 

1 

-35 


V 

Forward Voltage Drop 

V F 

Ip = 5 mA 

0.8 


1.5 

DYNAMIC 

Reverse Capacitance 

C R 

V R = -5 V, f = 1 MHz 

1.5 


ro 

PF 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 



































U290 SERIES 


CrSUconix 

M m incorporated 


N-Channel JFET 


The U290 Series is a high-performance JFET analog 
switch which offers ultra low on-resistance and fast 
switching. It features the lowest available 
on-resistance of any JFET available in the industry 
today. It is packaged in a hermetically sealed 
TO-52 can which makes it suitable for military 
applications. (See Section 1 for details.) 

For further design information please consult the 
typical performance curves NVA which are located 
in Section 7. 


SIMILAR PRODUCTS 

• TO-92, See J105 Series 

© Chips, Order U29XCHP 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

»*ds(ON) 

MAX 

(H) 

ID (OFF) 
MAX 
(nA) 

tON 

MAX 

(ns) 


-10 

3 

1 


U291 

-4.5 

7 

1 



TO-206AC (TO-52) BOTTOM VIEW 



1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-30 

■ 

Gate-Source Voltage 

Vgs 

-30 

Gate Current 

>g 

100 


Power Dissipation 

Pd 

500 

mW 

Power Derating 


4.0 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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m 


'Siliconix 

incorpnrated 


U290 SERIES 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Gate-Source 
Breakdown Voltage 

Gate-Source 
Cutoff Voltage 

Saturation Drain 
Current 3 





U290 

U291 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN MAX 


V (BR)GSS 

V GS(OFF) 

■dss 


Gate Reverse Current I I c 


Gate Operating 
Current 


Drain Cutoff Current 'D(OFF) 


Drain-Source 

On-Voltage 

Drain-Source 

On-Resistance 


Gate-Source 
Forward Voltage 


DYNAMIC 


V DS(ON) 

r DS(ON) 


Vrscfpi 


Common-Source 

Forward 

Transconductance 

9f S 

Common-Source 
Output Conductance 

9os 

Drain-Source 

On-Resistance 

r ds(ON) 

Common-Source 

Input Capacitance 

Ciss 

Common-Source 
Reverse Transfer 
Capacitance 

Crss 

Equivalent Input 

Noise Voltage 

e n 


I G = “I i^A , Vq S = 0 V 

V DS = 15 V, l D = 3 nA 

V DS = 10 V, V GS = 0 V 

V gs = -15V 

Vps = 0 V | T a = 15' 

V DG =■ 10 V, l D = 25 mA 

V DS = 5 V, V GS = -10 V 

V DS = 5 V V GS = -10 V 
T a = 150°C 

Vqs = 0 V, l D = 10 mA 

l G = I mA, V DS = 0 V 


< 

□ 

o 

II 

o 

II < 

1 D = 25 mA 

1 kHz 

Vqs = 0 V, 1 D = 0 mA 

f = 1 

kHz 

V DS = 0 V, 

V GS = 0 V 

f = 1 

MHz 

> 

o 

ii 

CO 

Q 

> 

V GS = -15 V 

f = 1 

MHz 

V DG = 10 V, 

l D = 25 mA 

f = 1 

1 kHz 


SWITCHING 


Turn-on Time 

Turn-off Time 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £3%. 


-30 


-1.5 

-4.5 

200 









3 


160 


30 




7 


160 


30 





15 


20 
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U308 SERIES 


Siliconix 

incorporated 


N-Channel JFETs 


The U308 Series offers superb amplification 
characteristics. High-gain (> 10,000 p.S), low noise 
(typically < 6 nV\/Hz) and low gate leakage 
(typically < 2 pA) are features of this series. Of 
special interest, however, is performance at high 
frequency. Even at 450 MHz, the U308 Series 
offers high power gain and low noise. Finally, with 
its TO-52 hermetically sealed package, full military 
processing is available. (See Section 1.) 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

• dss 
MAX 
(mA) 

U308 

-6 

-25 

10 

60 

U309 

-4 

-25 

10 

30 

U310 

-6 

-25 

10 

60 


For additional design information and a closer look 
at high-frequency characteristics, please consult 
performance curves NZB which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-92, See J308 Series 

• SOT-23, See SST308 Series 

• Dual, See U430 Series 

• Chips, Order U30XCHP 


TO-206AC (TO-52) BOTTOM VIEW 




1 SOURCE 

2 DRAIN 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

>G 

20 

mA 

Power Dissipation 

Pd 

500 

mW 

Power Derating 


4 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

D 

Storage Temperature 

T stg 

-65 to 175 

Lead Temperature 

(1/16" from case for 10 seconds) 

Tl 

300 
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Siliconix 

incnrpnratEd 


U308 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






U308 

U309 

U310 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 

Breakdown Voltage 

Y(BR)GSS 

l Q = -1JJLA, v ds = 0 V 

-35 



-25 


B 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, | c 

, = 1 nA 


-1 

B 


-4 

B 

-6 

Saturation Drain 

Current 3 

■dss 

V DS = 10 v, v GS = 0 V 





30 

B 

60 

mA 

Gate Reverse Current 

!gss 

V GS = -15 V 


-2 


moi 




-150 

ESI 

V DS = 0 V 

T a = 125°C 

-0.8 


mm 




-150 

mm 

Gate Operating 

Current 

>G 

V DG = 9 V, l D 

= 10 mA 

-15 







PA 

Drain-Source 

On-Resistance 


v GS = o V, l D 

= 1 mA 

35 








Gate-Source 

Forward Voltage 


l G = 10 mA, V DS = 0 V 

0.7 


i 


1 


1 

V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 


V DS = 10 V, l D 

= 10 mA 

14 

10 


10 


10 


mS 

Common-Source 

Output Conductance 


f = 1 kHz 

110 


250 


250 



JiS 

Common-Source 

Input Capacitance 

fill 

V GS = -10 V, V DS = 10 V 
f = 1 MHz 

4 


5 


5 


1 

PF 

Common-Source 
Reverse Transfer 
Capacitance 

^rss 

1.9 


2.5 


B 


2.5 

Equivalent Input 

Noise Voltage 

®n 

V DS = 10 V, l D = 10 mA 

f = 100 Hz 

6 




■ 



ny 

HIGH FREQUENCY 

Common-Gate Foward 



f = 105 MHz 

15 








Transconductance 


f = 450 MHz 

13 







mS 

Common-Gate Output 



f = 105 MHz 

0.16 







Conductance 

V DS = 10 V 

f = 450 MHz 

0.55 








Common-Gate Power 

in 

| D =10 mA 

f = 105 MHz 

16 



14 





Gain 4 



f = 450 MHz 

11.5 



10 




dB 

Noise Figure 

m 


f = 105 MHz 

1.5 


1 2 


2 


2 


f = 450 MHz 

2.7 









NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300iis , duty cycle ^3%. 

4. Gain (G pg ) measured at optimum input noise match. 
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U350 


CT" Silicon ix 

JJ incorporated 


N-Channel JFET Ring Demodulator 


The U350 is a set of four matched n-channel JFETs 
connected as a ring demodulator. The matched 
set of JFETs has lowros(ON), highQfs, and square 
law operation which gives high conversion gain and 
a very high intermodulation intercept point. Best 
device performance is in the HF-VHF frequency 
range. The hermetic TO-99 package shields the die 
set as well as lending itself to military processing. 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 
MIN 
(mS) 

Igss 

MAX 

(nA) 

NF 

TYP 

(dB) 

U350 

-25 

10 

-1 

7 


TO-99 (TO-78) 


BOTTOM VIEW 


D i . D 4 




2 DRAIN 1, DRAIN 4 

3 SOURCE 1, SOURCE 2 

4 GND & CASE 

5 SOURCE 3, SOURCE 4 

6 DRAIN 2, DRAIN 3 

7 GATE 2, GATE 4 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 


-25 

Forward Gate Current 

Ig 

25 

UQH 

Power Dissipation 

Pd 

1 

1 

Power Derating 


8 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

^stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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Siliconix 

incnrpnrated 


U350 



4 


NOTES: 

1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jis , duty cycle £3%. 

4. Other gate terminal clamped to -8 V. 



4-161 





































































U401 SERIES ITSSssSS 

N-Channel JFETs 


The U401 Series of high-performance monolithic 
dual JFETs features extremely low noise, tight 
offset voltage and drift over temperature 
specifications. It is targeted for use in a wide range 
of precision instrumentation applications. The U401 
Series has a wide selection of both offset and drift 
specifications with the prime device, the U401, 
featuring 5 mV offset and 10 |jlV/ 0 C drift. The six 
devices allow designers to make important 
cost/benefit decisions. This series is available in a 
TO-71 hermetically sealed package and is available 
with military screening. (See Section 1.) 


PART 

NUMBER 

V (BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

-11 

Ivgst “ v GS 2 | 
MAX 
(mV) 

U401 

-50 

2 

-15 

5 

U402 

-50 

2 

-15 

10 

U403 

-50 

2 

-15 

10 

U404 

-50 

2 

-15 

15 

U405 

-50 

2 

-15 

20 

U406 

-50 

2 

-15 

40 


For additional design information please see 
performance curves NNR, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• High-Gain, See 2N5911 Series 

• SO-8, See SST404 Series 

• Chips, Order U40XCHP 


TO-71 


BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 SOURCE 2 

5 DRAIN 2 

6 GATE 2 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-50 

V 

Gate-Source Voltage 

Vgs 

-50 

Forward Gate Current 

>g 

10 

mA 

Power Dissipation 

Per Side 

Pd 

300 

mW 

Total 

500 

Power Derating 

Per Side 


2.4 

mW/°C 

Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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m 


'Siliconix 

inccirpcirated 


U401 SERIES 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


STATIC 




Gate-Source 
Forward Voltage 


TEST CONDITIONS 


I G = -1 J-LA . V DS = 0 V 

I G = ± 1 MA, V DS = 0 V 
Vgs = 0 V 

V DS = 15 V, l D = 1 nA 

V DS = 10 V, V GS = 0 V 

V GS = -30 V 

V DS = 0V | t a = 125°C 

V DG = 15 V 

l D = 200 M T a = 125°C 
V gs = 0 V, lb = 0.1 mA 
V DG = 15 V, I D = 200 JJLA 
l G = 1 mA, V DS = 0 V 




Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 

Forward 

T ransconductance 


Common-Source 
Output Conductance 


Common-Source 
Input Capacitance 



9fs 

V nG = 15 V, l n = 200 M 

9os 

f = 1 kHz 

9fs 

V DS = 10 V, V GS = 0 V 

9os 

f = 1 kHz 

^iss 

V DG = 15 V, 1 D = 200 JJLA 

^rss 

f = 1 MHz 

®n 

V DG = 15 v, 1 D = 200 J-LA 
f = 10 Hz 


MATCHING 


Differential 

Gate-Source Voltage 

| V GS1" V GS2 | 

V DG = 10 V, 1 D = 200 JJLA 


Gate-Source Voltage 
Differential Change 
with Temperature 

L I V GSr V GS2| 

V DG = 10 V 

T = -55 to 25°C 


AT 

1 D = 200 JJLA 

T = 25 to 125°C 


Common Mode 
Rejection Ratio 

CMRR 

V DG = 10 to 20 V, l D = 200 MA 

102 


2 

1 

2 

2 


2 


D 


7 

7 

20 


20 

8 


8 

3 


3 

20 


20 


l 5 

■ 





mS 

2 

iiS 


mS 

7 

20 

J1S 

8 

pF 

3 


20 



10 

mV 

25 

Ji y 
/ t>c 



dB 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300jjls , duty cycle £3%. 
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U401 SERIES 


ELECTRICAL CHARACTERISTICS 


Siliconix 

incorparatEd 


PARAMETER 

SYMBOL 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

Gate-Gate 

Breakdown Voltage 

V (BR)G1 - G2 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

Saturation Drain 3 
Current 

•dss 

Gate Reverse 

Current 

■gss 

Gate Operating 
Current 

■g 

Drain-Source 

On-Resistance 

r DS(ON) 

Gate-Source Voltage 

V GS 

Gate-Source 

Forward Voltage 

V GS(F) 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

Common-Source 
Output Conductance 

9os 

Common-Source 

Forward 

T ransconductance 

9fs 

Common-Source 
Output Conductance 

9os 

Common-Source 

Input Capacitance 

^iss 

Common-Source 
Reverse Transfer 
Capacitance 

^rss 

Equivalent Input 

Noise Voltage 

®n 



V GS = -30 V 
Vn« = 0 V 


l D - 200 M T a = 125°C -0.8 

Vqs = 0 V, l D = 0.1 mA 250 
V DG = 15 V, l D = 200 iiA 
l r = 1 mA, V n c = 0 V 



I IBI 


V DG = 

15 V, 

l D = 200 M 


f = 1 

kHz 

ii 

CO 

Q 

> 

: 10 V, 

V GS = 0 V 


f = 1 

kHz 

V DG = 

15 V, 

l D = 200 M 


f = 1 

MHz 

V DG = 

15 V, 

l D = 200 ilA 


f = 10 Hz 



BBBBBBH 

bbbbbbH 

■DHBHi 


Differential Change 
with Temperature 


Common Mode 
Rejection Ratio 


| V GS1“V G S2 

I 

Vp G = 10 V, lp= 200 M 

A I V GS 1-V G S2| 

v DG = 10 V 

T = -55 to 25°C 

AT 

Ip = 200 M 

T = 25 to 125°C 

CMRR 

V DG = 10 to 20 V, lp= 200 M 



40 mV 


80 




NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle £3%. 
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CX'Siliconix 

M m incorporated 


U421 SERIES 

N-Channel JFET Pairs 


The U421 Series are monolithic pairs of n-channel 
JFETs designed to provide very high input 
impedance for differential amplification and 
impedance matching. Among its many unique 
features, this series offers operating gate current 
specified at - 250 fA (U421-3), high gain at low 
operating currents , and tight matching (10 mV for 
U421 and U424) . Additionally, its TO-78 package is 
hermetically sealed and may be screened per 
MIL-S-1 9500. (See Section 1.) 

For additional design information please see 
performance curves NNT, which are located in 
Section 7. 


SIMILAR PRODUCTS 

o Low-Noise, See U401 Series 
o High-Gain, See 2N5911 Series 
o Chips, Order U42XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

i’ll 

|VgS! “ V GS 2 | 
MAX 
(mV) 

U421 

-40 

0.3 

-0.25 

10 

U422 

-40 

0.3 

-0.25 

15 

U423 

-40 

0.3 

-0.25 

25 

U424 

-40 

0.3 

-0.5 

10 

U425 

-40 

0.3 

-0.5 

15 

U426 

-40 

0.3 

-0.5 

25 


TO-78 


BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 CASE 

5 SOURCE 2 

6 DRAIN 2 

7 GATE 2 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

Vgs 

-40 

Gate-Gate Voltage 

Vgg 

+ 40 

Forward Gate Current 

Ig 

10 

mA 

Power Dissipation 

Per Side 

Pd 

400 

mW 

Total 

750 

Power Derating 

Per Side 


3.2 

mW/°C 

Total 

6 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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U421 SERIES SSSfi 


ELECTRICAL CHARACTERISTICS 1 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

STATIC 

Gate-Source 
Breakdown Voltage 


1 G = -1 JIA, V DS = 0 V 

Gate-Gate 

Breakdown Voltage 

V GG 

1 G = -1 JXA , 1 D = 0, l s = 0 

Gate-Source 

Cutoff Voltage 


V DS = 10 V, l D = 1 nA 

Saturation Drain 
Current 3 


V DS = 10 V, Vqs = 0 V 

Gate Reverse 

Current 

H 

V GS = -20 V 
V DS = 0 V 

T a = 125°C 

Gate Operating 
Current 

( G 

V DG = 10 V 
l D = 30JJA 

T a = 125°C 

Drain-Source 

On-Resistance 

r DS(ON) 

V G s = o V, l D = 10J1A 

Gate-Source Voltage 

V GS 

V D q = 10 V, l D = 30MA 

Gate-Source 

Forward Voltage 

V GS(F) 

1 g — 1 mA, V DS = 0 V 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 10 V, V GS = 0 V 
f = 1 kHz 

Common-Source 
Output Conductance 


Common-Source 

Forward 

T ransconductance 

9fs 

V DG = 1 0 V, 1 D = 30M 
f = 1 kHz 

Common-Source 
Output Conductance 

9os 

Common-Source 

Input Capacitance 

C iss 

V DS = 10 V, Vqs = 0 V 
f = 1 MHz 

Common-Source 
Reverse Transfer 
Capacitance 

C rss 

Equivalent Input 

Noise Voltage 

®n 

V DG = 10 V, l D = 30iiA 
f = 10 Hz 

Noise Figure 

NF 

V DG = 10 V, l D = 30 J1A 
f = 10 Hz , R g = 10 Mil 

MATCHING 

Differential 

Gate-Source Voltage 

| V GS1 _V GS2 | 

V DQ = 10 V, l D = 30;iA 

Gate-Source Voltage 
Differential Change 
with Temperature 

A I V GST V GS2| 



AT 


Common Mode 
Rejection Ratio 

CMRR 

V DG = 10 to 20 V, l D = 30 JiA 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £3%. 














































































































CT" Silicon ix 

La? incorporated 


U421 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






U424 

U425 

U426 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 







UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

1 G = -1 ma , v DS = 0 V 

-60 

-40 


-40 


-40 



Gate-Gate 

Breakdown Voltage 

V GG 

1 G = -1 MA , l D 

o 

ii 

CO 

o’ 

ii 

+ 55 

+ 40 




+ 40 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

v DS = 10 V, 1 

l D = 1 nA 

-2 

-0.4 

-3 


B 


B 


Saturation Drain 
Current 3 

■dss 

v DS = 10 v, v GS = 0 V 

800 

60 

1800 

60 

1800 

D 


i 

Gate Reverse 

•gss 

V GS = -20 V 


-0.8 


-3 


-3 


-3 

H 

Current 

V DS = 0 V 

T a = 125°C 

-0.4 


-3 


-3 


-3 

m 

Gate Operating 

| _ 

V DG = 10V 


-0.3 


-0.5 


-0.5 


-0.5 

yj 

Current 

1 G 

1 D = 30 JiA 

T a = 125°C 

-200 


-500 


-500 


-500 

Drain-Source 

On-Resistance 

r DS(ON) 

V G s = 0 V, l c 

) = 10MA 

2000 







n \ 

Gate-Source Voltage 

V GS 

V DG = 10 V, 1 

D = 30MA 

-1.5 






B 


Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 







V 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 

9fs 

V DS = 10 V, v GS = 0 V 

0.6 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 

4 


9fs 

V DG = 10 V, l D = 30 MA 

0.2 

Common-Source 
Output Conductance 

■9 

f = 1 kHz 

0.4 


^iss 

Vqs = 10 V, V GG = 0 V 

1.4 

Common-Source 

Reverse Transfer 
Capacitance 

^rss 

f = 1 MHz 

0.7 

Equivalent Input 

Noise Voltage 


V DG = 10 V, l D = 30JIA 
f = 10 Hz 

30 

Noise Figure 

NF 

V DG = 10V, l D = 30MA 
f = 10 Hz , R g = 10 MX! 




MATCHING 


Differential 
Gate-Source Voltage 

| V GS1“ V GS2 | 

V DG = 10 V, 1 D = 30 JiA 





15 


25 

mV 

Gate-Source Voltage 
Differential Change 
with Temperature 

A I V GS1" V GS2| 

V DG = 10 V 

T = -55 to 25°C 





25 


40 

/°c 

AT 

1 D = 30 jiA 

T = 25 to 125°C 





25 


40 

Common Mode 
Rejection Ratio 

CMRR 

V DG = 10 to 20 V, l D = 30 MA 


90 


80 

B 



dB 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 jjls , duty cycle £3%. 
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U430 SERIES 


Siliconix 

incorporated 


N-Channel JFET Pairs 


The U430 Series are pairs of matched JFETs 
assembled in one TO-78 package. They feature 
high gain, low noise and low gate leakage and are 
intended for high performance, high slew rate, 
mixing and differential amplification. Additionally, 
these devices offer good power gain even as 
frequencies are increased beyond 250 MHz. The 
TO-78 package may be processed for military 
applications. (See Section 1.) 

For additional design information please consult 
performance curves NZB which are located in 
Section 7. 


SIMILAR PRODUCTS 

• Low-Noise, See U401 Series 

• High-Gain, See 2N5911 Series 

• Low-Leakage, See U421 Series 

• Chips, Order U43XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

■g 

TYP 

(PA) 

|VgSi - v gs 2 | 

TYP 

(mV) 

U430 

-25 

10 

-15 

25 

U431 

-25 

10 

-15 

25 


TO-78 BOTTOM VIEW 



2 GATE 1 

3 DRAIN 1 

4 CASE 

5 DRAIN 2 

6 GATE 2 

7 SOURCE 2 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

■ 

Gate-Source Voltage 

Vgs 

-25 

Forward Current 

Ig 

10 

1 

Power Dissipation 

Per Side 

Pd 

300 

mW 

Total 

500 

Power Derating 

Per Side 


2.4 

mW/°C 

Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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Siliconix 

incorporated 


U430 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

U430 

U431 

UNIT 

MIN 

MAX 

MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

I g = -1MA, V DS = 0 V 

-35 

-25 


-25 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = 1 nA 


-1 

-4 

-2 

-6 

Saturation Drain 

Current 3 

■dss 

V DS = 10 V, v GS = 0 V 


12 

30 

24 


mA 

Gate Reverse 

Current 

■gss 

V GS = -15 V 


-5 


-150 



PA 

V DS = 0 V 

T a = 150°C 

-10 


-150 



nA 

Gate Operating 

Current 

•g 

V DG = 10 V 


-15 





IBS 

1 D = 5 mA 

T a = 150°C 

-10 





■a 

Gate-Source 

Forward Voltage 

V GS(F) 

1 G = 1 0 m A , V DS = 0 V 

0.8 


1 

■ 

n 

D 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

V DS = 10 V, l D = 10 mA 

f = 1 kHz 

15 

10 




mS 

Common-Source 

Output Conductance 

9os 



250 




Common-Source 

Input Capacitance 

C iss 

v GS = -io V, V DS = 0 V 



D 



1 

Common-Source 

Reverse Transfer 
Capacitance 

Crss 

f = 1 MHz 

2 





Equivalent Input 

Noise Voltage 

®n 

V DS = 10 V, l D = 10 mA 
f = 100 Hz 

6 

■ 

■ 

■ 


1 

HIGH FREQUENCY 

Common-Source Forward 

T ransconductance 

flfs 


14 


■ 

■ 


mS 

Common-Source Output 
Conductance 

9os 

V DS = 1 0 V, 1 D = 1 0 m A 
f = 100 MHz 

0.13 





Power-Match Source 
Admittance 

9ig 


12 





MATCHING 

Differential 

Gate-Source Voltage 

| V GS1 _V GS2 | 

V DG = 10 V, l D = 10 mA 

D 





mV 

Saturation Drain 4 

Current Ratio 

Ipssi 

•dss2 

V DS = 10 V, V GS = 0 V 



1 

0.9 

i 


T ransconductance 4 

Ratio 

9 fsl 

9 fs2 

V DS = 10 V, l D = 10 mA 
f = 1 kHz 

0.95 

0.9 

D 

0.9 

i 


Gate-Source Cutoff 

Voltage Ratio 

V GS(OFF)1 

V GS(OFF)2 

V DS = 10 V, l D = 1 nA 

0.95 

0.9 

1 


D 


Differential 

Gate Current 

| 1 G1“ 1 G2 | 

V DG = 10 V, l D = 5 mA 

-2 



■ 

H 

pA 

Common Mode 

Rejection Ratio 

CMRR 

V DD = 5 to 1 0 V, 1 D = 1 0 mA 

75 

■ 

■ 

■ 


dB 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jis , duty cycle ^3%. 

4. Assumes smaller value in the numerator. 
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U440 SERIES 


fQTSiliconix 

JLM incorporated 


N-Channel JFET Pairs 


The U440 Series are matched pairs of JFETs 
mounted in a single TO-71 package. This two chip 
design reduces parasitic performance at high 
frequency while ensuring extremely tight matching. 
The U440 features high speed amplification (slew 
rate), high gain (typically > 6 mS), and low gate 
leakage (typically < 1 pA). This performance 
makes these devices perfect for use as wideband 
differential amplifiers in demanding test and 
measurement applications. Finally, its TO-71 
hermetically sealed package is available with 
military screening per MIL-S-19500. (See 
Section 1 .) 

For additional design information please see 
performance curves NZF, which are located in 
Section 7. 


SIMILAR PRODUCTS 

© TO-78, See U443 Series 

• SO-8, See SST440 Series 

• Low Noise, See U401 Series 

• Low Leakage, See U421 Series 

• Chips, Order U44XCHP 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

MAX 

(PA) 

|VgSi “ VGS 2 I 
MAX 
(mV) 

U440 

-25 

4.5 

-500 

10 

U441 

-25 

4.5 

-500 

20 


TO-71 


BOTTOM VIEW 



1 SOURCE 1 

2 DRAIN 1 

3 GATE 1 

4 SOURCE 2 

5 DRAIN 2 

6 GATE 2 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Gate-Gate Voltage 

Vgg 

± 50 

Gate Current 

Iq 

50 

mA 

Power Dissipation 

Per Side 

Pd 

250 

mW 

Total 

350 

Power Derating 

Per Side 


2 

mW/°C 

Total 

2.8 

Operating Junction Temperature 

Tj 

-55 to 150 

i 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 


300 
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Siliconix 

incorporated 


U440 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 







U440 

U441 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

1 G = -1 MA , V DS = 0 V 


-25 


-25 



Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, 

1 D = 1 nA 


n 

CD 

1 

-1 

-6 

V 

Saturation Drain 
Current 3 

1 DSS 

V DS = 

10 V, 

v GS = 0 V 

15 

6 

30 

6 

30 

mA 

Gate Reverse 

•gss 

V GS = “15 V 


-1 




-500 

pA 

Current 

V DS = 0 V 

T A = 150°C 

-2 





nA 

Gate Operating 


V DG = 10 V 


-1 




-500 

pA 

Current 

•g 

1 D = 5 mA 

T a = 125°C 

-0.3 





nA 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 

mA , V DS = 0 V 

0.7 





V 

DYNAMIC 

Common-Source 

Forward 

Transconductance 

9fs 

v DG = 10 V, 

D = 5 mA 

6 

4.5 

9 

4.5 

9 

mS 

Common-Source 

Output Conductance 

9os 

f = 1 kHz 

70 


200 


200 

MS 

Common-Source 

Input Capacitance 

^iss 

v DG = 10 V, 

D = 5 mA 

3 





PF 

iiBBHI 

Crss 


= 1 MHz 

1 





Equivalent Input 

Noise Voltage 

®n 

V DG = 10 V, l D = 5 mA 
f = 10 kHz 

4 





n y 

MATCHING 

Differential 

Gate-Source Voltage 

| V GS1 -V GS2 | 

< 

o 

o 

ii 

o 

< 

l D = 5 mA 

6 


10 


20 

mV 

Gate-Source Voltage 
Differential Change 
with Temperature 

A | V GSr V GS2| 

V DG = 10 V 

T = 

-55 to 25°C 

20 






AT 

1 D = 5 mA 

T = 

25 to 125°C 

20 






Saturation 

Drain Current Ratio 

bssi 

•dSS2 

V DS = 10 V. V GS = 0 V 

0.97 






Transconductance 

Ratio 

9 fsi 

9 fs2 

V DG = 10 V, l D = 5 mA 
f = 1 kHz 

0.97 






Common Mode 

Rejection Ratio 

CMRR 

Vqd = 5 to 1 0 V, 1 D = 5 mA 

85 





dB 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its . duty cycle <3%. 
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U443 SERIES 


CT'Siliconix 

M m incorporated 


N-Channel JFET Pairs 


The U443 Series are matched pairs of JFETs 
mounted in a single TO-78 package. This two chip 
design reduces parasitic performance at high 
frequency while ensuring extremely tight matching. 
The U443 features high speed amplification (slew 
rate), high gain (typically > 6 mS), and low gate 
leakage (typically < 1 pA) . This performance 
makes these devices perfect for use as wideband 
differential amplifiers in demanding test and 
measurement applications. Finally, its TO-78 
hermetically sealed package is available with 
military screening per MIL-S-19500. (See 
Section 1 .) 


PART 

NUMBER 

V(BR)GSS 

MIN 

(V) 

9 fs 

MIN 

(mS) 

Ig 

MAX 

(PA) 

[VgSt “ V GS 2 | 
MAX 
(mV) 

U443 

-25 

4.5 

-500 

10 

U444 

-25 

4.5 

-500 

20 


TO-78 BOTTOM VIEW 


For additional design information please see 
performance curves NZF, which are located in 
Section 7. 




1 SOURCE 

SIMILAR PRODUCTS 

2 DRAIN 1 

3 GATE 1 

e 

TO-71 , See U440 Series 

4 CASE 

5 SOURCE 

• 

SO-8, See SST440 Series 

6 DRAIN 2 

• 

Low Noise, See U401 Series 

7 GATE 2 

• 

Low Leakage, See U421 Series 


• 

Chips, Order U44XCHP 





ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-25 

V 

Gate-Source Voltage 

Vgs 

-25 

Gate-Gate Voltage 

Vgg 

± 50 

Forward Gate Current 

Ig 

50 

mA 

Power Dissipation 

Per Side 

p d 

367 


Total 

500 

Power Derating 

Per Side 


3 


Total 

4 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

T|_ 

300 
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fOTSiliconix 

JUr incorporated 


U443 SERIES 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 







U443 

U444 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

i g = -ima, v ds = 0 V 

-35 

B 

B 



■ 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = 1 nA 

-3.5 

B 

| 

-1 

-6 

B 

Saturation Drain 
Current 3 

'dss 

V DS = 

10 V, V GS = 0 V 

15 

B 



30 


Gate Reverse 

■gss 

V GS = -15 V 


-1 


-500 


-500 

9 

Current 

V DS = 0 V 

T a = 150°C 

-2 





1 

Gate Operating 

1 ~ 

V DG = 10 V 


-1 


-500 



KB 

Current 

1 G 

1 D = 5 mA 

T a = 125°C 

-0.3 





nA 

Gate-Source 

Forward Voltage 

V GS(F) 

l G = 1 mA, V DS = 0 V 

0.7 





V 

DYNAMIC 

Common-Source 

Forward 

T ransconductance 

9fs 

V DG = 10 V, 1 

D = 5 mA 

6 

4.5 

9 

4.5 

9 

mS 

Common-Source 

Output Conductance 

9os 

f = 1 kHz 

70 


200 


200 

MS 

Common-Source 

Input Capacitance 

^ISS 

V DG = 10 V, 1 

D = 5 mA 

b 





PF 

Common-Source 
Reverse Transfer 
Capacitance 

^rss 

f = 1 MHz 

B 





Equivalent Input 

Noise Voltage 

®n 

V DG = 10 V, l D = 5 mA 
f = 10 kHz 

B 





n y 

MATCHING 

Differential 

Gate-Source Voltage 

| V GS1 _V GS2 | 

V DG = 10 V, 

1 D = 5 mA 

6 


10 

■ 

20 

1 mv 1 

Gate-Source Voltage 
Differential Change 
with Temperature 

A | V GS1“ V GS2| 

v DG = 10 V 

T = 

-55 to 25°C 

20 






AT 

1 D = 5 mA 

T = 

25 to 125°C 

20 






Saturation 

Drain Current Ratio 


> 

o 

ii 

CO 

Q 

> 

7 gs = 0 V 






■ 

T ransconductance 

Ratio 

9fsl 

9 fs2 

V DG = 1 0 V, 1 D = 5 mA 
f = 1 kHz 







Common Mode 

Rejection Ratio 

CMRR 

V DD = 5 to 10 V, l D = 5 mA 

B 





dB 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300jis , duty cycle £3%. 
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U1897 SERIES 


CT'Siliconix 

JUr incorporated 


N-Channel JFET 


The U1897 Series is a multi-purpose n-channel JFET 
designed to economically enhance circuit 
performance. These devices are especially well 
suited for analog switching applications but function 
efficiently as high-gain amplifiers, particularly at 
high-frequency. Our low-cost TO-92 packaging 
offers affordable performance with flexibility for 
designers, as these devices can be ordered with a 
variety of lead forms or tape and reel for automated 
insertion. (See Section 8.) 

For additional design information please consult the 
typical performance curves NCB which are located 
in Section 7. 


SIMILAR PRODUCTS 


PART 

NUMBER 

VgS(OFF) 

MAX 

(V) 

rds(ON) 

MAX 

(O) 

Id (OFF) 
MAX 
(PA) 

*ON 

MAX 

(ns) 

U1897 

-10 

30 

200 

25 

U1898 

-7 

50 

200 

35 

U1899 

-5 

80 

200 

60 


TO-92 BOTTOM VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 



• TO-18, See 2N4091 Series 

• SOT-23, See SST4091 Series 

• Duals, See 2N5564Series 

• Chips, Order U189XCHP 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

Gate-Drain Voltage 

Vgd 

-40 

V 

Gate-Source Voltage 

VgS 

-40 

Gate Current 

Ig 

10 

, mA 

Power Dissipation 

Pd 

360 

| 

Power Derating 


3.27 


Operating Junction Temperature 

Tj 

-55 to 135 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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[T'Siliconix 

JP incorporated 


U1897 SERIES 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 


STATIC 


Gate-Source 
Breakdown Voltage 

V (BR)GSS 

| Q = -1 JJ.A , V DS = 0 V 

-55 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS =20 V, l D 

= 1 nA 


Saturation Drain 
Current 3 

>DSS 

V DS = 20 V, V GS = 0 V 


Gate Reverse Current 

m 

V GS = -20 V 


-5 

V DS = 0 V j 



Gate Operating 

Current 

■g 



-5 





5 



V DS = 20 V 

V GS = -8 V 

5 

Drain Cutoff Current 

Id(OFF) 


V GS = -12 V 

5 

V DS = 20 V 
T a = 85°C 

Vqs = -6 V 





0.2 




0.2 





0.15 

Drain-Source 

On-Voltage 

V DS(ON) 

V GS = 0 V 

1 D = 4 mA 

0.15 



1 D =6.6 mA 

0.15 

Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V, l D 

= 1 mA 


Gate-Source 

Forward Voltage 

V GS(F) 

l G =1 mA, V DS = 0 V 

0.7 


DYNAMIC 


Common-Source 

Forward 

T ransconductance 

9fs 

V DG = 20 V, l D = 1 mA 

6 

Common-Source 
Output Conductance 

9os 

f = 1 kHz 

25 

Drain-Source 

On-Resistance 

r ds(ON) 

Vqs = 0 V, 1 D = 0 mA 
f = 1 kHz 


Common-Source 

Input Capacitance 

c iss 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 

14 

Common-Source 
Reverse Transfer 
Capacitance 

m 

3 

Equivalent Input 

Noise Voltage 

e n 

V DG = 1 0 V, 1 D = 1 0 mA 
f = 1 kHz 

3 


LIMITS 


U1897 

U1898 

U1899 


1 MIN 

MAX 



MIN 

X 

< 

UNIT 



SWITCHING 


Turn-on Time 

td(ON) 

V DD = 3 V, V GS(ON) = 0 V 

P/N 1 D(ON) V GS(OFF) R L 

U1897 6.6 mA -12 V 430*0, 

U1898 4 mA -8 V 700 SI 

U1899 2.5 mA -6 V 1100 SI 

2 


mm 


mm 


mm 

tr 

2 


10 


20 


40 

Turn-off Time 

* OFF 

19 


40 


60 


80 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300iis , duty cycle £3%. 
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VCR2N, VCR4N, VCR7N, VCR3P 


OTSiliconix 

JLJr incorporated 


JFET Voltage Controlled Resistors 


The VCR2N, VCR4N, VCR7N, and VCR3P line of 
JFET voltage controlled resistors utilize the JFET’s 
linear output characteristics in the resistive region. 
This area of operation is around Vqs = 0 V and 
extends for a range up to several hundred 
millivolts - up to the point Ip begins to saturate. 
Key to device performance is the predictable i'ds 
change versus Vqs bias where: 



VgS(OFF) 

V (BR)GSS 

r ds(ON) | 

PART 

MAX 

MIN 

MIN 

MAX 

NUMBER 

(V) 

(ft) 

(ft) 

(ft) 

VCR2N 

-3.5 

-15 

20 

60 

VCR4N 

-7 

-15 

200 

600 

VCR7N 

-5 

-15 

4000 

8000 

VCR3P 

5 

15 

70 

200 


rosbias « 


rps (@ Vgs = 0) 


V GS 

VGS(OFF) 


This series features three n-channel devices with 
rps(ON) ranging from 20 - 8000 fl. Also featured is 
a p-channel device with rps(ON) specified between 
70 and 200 fl. All packages are hermetically 
sealed and may be processed per MIL-S-19500. 
(See Section 1.) 


TO-18 


BOTTOM VIEW 



1 SOURCE 

2 DRAIN 

3 GATE 



TO-72 


BOTTOM VIEW 


For additional design information please consult 
typical performance curves (Section 7) as follows: 

VCR2N NCB 

VCR4N NPA 

VCR7N NT 

VCR3P PSCIA 



2 DRAIN 

3 GATE 

4 SUBSTRATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

VCR2N-7N 

VCR3P 

Gate-Drain Voltage 

Vgd 

-15 

15 

V 

Gate-Source Voltage 

Vgs 

-15 

15 

Gate Current 

>g 

10 

-10 

mA 

Power Dissipation (Case 25°C) 

Pd 

300 

mW 

Power Derating 


2 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 175 

■ 

Storage Temperature 


-55 to 175 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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JJfiSSfc VCR2N, VCR4N, VCR7N, VCR3P 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 





VCR2N 

VCR4N 

VCR7N 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 



UNIT 

STATIC 

Gate-Source 
Breakdown Voltage 

V (BR)GSS 

I g = -1J1A, V ds = 0 V 

-55 

-15 


-15 

■ 

H 

K 


Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 10 V, l D = IMA 


-1 


-3.5 

D 

m 

B 

Gate Reverse Current 

■gss 

Vq S = -15 V, V DS = 0 V 



-5 






Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V, l D = 1 mA 


20 

60 

200 

600 

4000 

8000 

XI 

Gate-Source 

Forward Voltage 

V GS(F) 

1 q = 1 mA, V D s = 0 V 

0.7 







V 

DYNAMIC 

Drain-Source 

On-Resistance 

r ds(ON) 

Vqs = 0V,I d = 0 A 
f = 1 kHz 


20 

60 

200 

600 

4000 

8000 

XI 

Drain-Gate 

Capacitance 

Cdg 

V GD = -10 V, Is = 0 A 
f = 1 MHz 



7.5 


3 


1.5 

PF 

Source-Gate 

Capacitance 

C sg 

V GS = -10 V, Id = 0 A 
f = 1 MHz 



H 




1.5 


P-CHANNEL 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VCR3P 

UNIT 

MIN 

MAX 

STATIC 

Gate-Source 

Breakdown Voltage 

V (BR)GSS 

l G = 1 MA, V DS = 0 V 

50 

15 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = -10 V, l D = -IMA 

2.5 

1 

5 

Gate Reverse Current 

!gss 

V GS = 15 V, V DS = 0 V 

0.005 


20 


Drain-Source 

On-Resistance 

r DS(ON) 

V G s = 0 V, l D = -1 mA 

100 

70 

200 


Gate-Source 

Forward Voltage 

V GS(F) 

l G = -1 mA, V DS = 0 V 

-0.7 




DYNAMIC 

Drain-Source 

On-Resistance 

r ds(ON) 

V GS = 0 V, l D = 0 A 
f = 1 kHz 

100 

70 

200 

XI 

Drain-Gate 

Capacitance 

Cdg 

V GD = 10 V, Is = 0 A 
f = 1 MHz 

6 


25 

PF 

Source-Gate 

Capacitance 

C sg 

V GS = 10 V, l D = 0 A 
f = 1 MHz 

6 


15 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 


4-177 











































































General Information 
Cross Reference 
Selector Guide 
JFETs 
DMOS 
Low Power MOS 
Performance Curves 
Package Outlines 
Applications 

Worldwide Sales Offices and Distributors 



for Siliconix 

JLM incarparated 


DMOS 


INTRODUCTION 


DMOS products from Siliconix utilize a lateral double-diffused MOS process to offer the ultimate 
low-cost yet highly reliable switches. It’s unique lateral construction affords all the benefits 
critical to small-signal switching applications. Ultra fast switching speed, exceptionally low 
capacitance, good off-isolation, and high operating frequency are all available to design engi- 
neers today! 

Key applications which benefit from this technology include video switching and precision 
sample and hold applications. In fact, any high performance application which benefits from 
< 1 ns turn-on time, < 0.5 pF capacitance, and operating frequencies up to 1 GHz, should utilize 
Siliconix’ lateral DMOS as an optimal design solution. 

Packaging options are diversified and range from surface mount to hermetically sealed metal 
cans and both single and quad array switches may be purchased. With our high reliability silicon 
gate process, full military processing is available per MIL-S-19500 on all hermetically sealed 
packages. 

For additional technical information please see "Switching DMOS Fast” (LPD-11), “An Ultra 
Broadband Analog Switch” (LPD-20), and "High speed Depletion-mode DMOS FETs” (LPD-12). 
These application notes are located in section nine and provide useful insight into device 
operation. 


5 
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2N7104 SERIES 


CZ* Silicon ix 

incorporated 


N-Channel Lateral DMOS FETs 


The 2N7104 Series of lateral DMOS FETs is 
designed for high speed switching in audio, video, 
and high-frequency applications. These devices 
are designed on the Siliconix DMOS process and 
utilize lateral construction to achieve low 
capacitance and ultra-fast switching speeds. For 
long term reliablitly this series features a poly- 
silicon gate, making Siliconix 2N7104 devices the 
perfect choice for high-performance military 
applications. 


PART 

NUMBER 

V(BR)DS 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

C r ss 

MAX 

(PF) 

toN 

MAX 

(ns) 

2N7104 

20 

70 

0.5 

2 

2N7106 

10 

70 

0.5 

2 

2N7108 

15 

70 

0.5 

2 


For additional design information please see 
performance curves DMCB, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• Quad Array, See 2N7116 Series 

• SO-14 Array, See SD5400 Series 

• Zener Protection, See 2N7105 Series 

• SOT-143, See SST211 Series 

• Chips, Order 2N710XCHP 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 SUBSTRATE, CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N7104 

2N7106 

2N7108 

Gate-Source, Gate-Drain 

Gate-Substrate Voltage 

VgS>Vqd,Vqb 

+40 

+40 

+40 

V 

Drain-Source Voltage 

VdS 

30 

10 

20 

Source-Drain Voltage 

VsD 

10 

10 

20 

Drain-Substrate Voltage 

Vdb 

30 

15 

25 

Source-Substrate Voltage 

VsB 

15 

15 

25 

Drain Current 

Id 

50 

50 

50 

mA 

Power Dissipation (Tj = 25°C) 

P D 

300 

300 

300 

mW 

Power Derating 


2.4 

2.4 

2.4 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

1 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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fTSiliconix 

JL& incorpnrated 


2N7104 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N7104 

2N7106 



MIN 

MAX 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DS 

v GS = v BS = 0 V, l D =10MA 

35 

30 




Vgs = V B s = -5 V, 1 s = 1 0 nA 

30 

10 


10 


Source-Drain ^ 

Breakdown Voltage 0 

V (BR)SD 

V GD = V BD = -5 V, 1 D = 10 nA 

22 

10 


IS 


Drain-Substrate 
Breakdown Voltage 

V (BR)DB 

10°nA Source 0PEN 

35 

15 


a 


Source-Substrate 
Breakdown Voltage 3 

V (BR)SB 

U = 1oVa Drain OPEN 

35 

15 




Drain-Source 

Leakage 

!dS(OFF) 

Vqs = V BS = -5 V 

V DS = 10 V 

0.4 


10 


mm 

V DS = 20 V 

0.9 





V GS = V BS = -5 V 
T a = 125°C 

> 

o 

II 

w 

Q 

> 

0.4 


5 


5 

| V DS = 20 V | 






Source-Drain 

Leakage 

1 SD(OFF) 

V G d = V BD = -5 V 

> 

o 

ii 

o 

w 

> 



10 


10 

V SD = 20 V 






V GD = -5 V 

T a = 125 °C 

v SD = 10 V 

|Q| 


5 


5 

V sd = 20 V 

i 


HB8 


BM 

Gate Leakage 

•gss 

Vds=V SB = 0 V 
V G s = 12 V 




KIM 



| T a = 125°C 



i 


i 

Zero Gate Voltage 
Drain Current 

Idss 

V DS = 30 V, V GS = V BS = 0 V 



10 



Threshold Voltage 

V GS (th) 

V DS = V GS = V GS(th) • 1 S = 1 AA 

V SB = 0 V 

0.7 

0.5 

2.0 



Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 5 V, l D = 1 mA 

58 


70 



DYNAMIC 

Forward 

T ransconductance 3 

9 fs 

V DS = 10 V, V SB = 0 V 
l D = 20 mA, f = 1 kHz 

11 





Output 

Conductance 3 

9 os 

0.9 





Gate Node 
Capacitance 

C iss 

V DS = 10 V, f = 1 MHz 

D 





Reverse Transfer 
Capacitance 

C r ss 

V GS =V BS = -15 V 

0.2 


IQ 


0.5 

SWITCHING 


td(ON) 


ESI 


1 


1 

tr 

V DD = 5 V, R l = 680 n 



1 


1 


^d(OFF) 

V 1N = 5 V, R g = 50 a 

2 




i 



t 


f 


6 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. This parameter not registered with JEDEC. 
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2N7105 SERIES 


CT'Siliconix 

JLJP incorporated 


N-Channel Lateral DMOS FETs 


The 2N7105 Series of single-pole, single-throw 
analog switches is designed for high speed 
switching in audio, video, and high-frequency 
applications. These devices are designed on the 
Siliconix DMOS process and utilize lateral 
construction to achieve low capacitance and 
ultra-fast switching speeds. This series also feature 
an integrated Zener diode designed to protect the 
gate from electrical “spikes” or overstress. 


PART 

NUMBER 

V(BR)DS 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

Crss 

MAX 

(PF) 

*ON 

MAX 

(ns) 

2N7105 

10 

70 

0.5 

2 

2N7107 

10 

70 

0.5 

2 

2N7109 

20 

70 

0.5 

2 


For additional design information please see 
performance curves DMCB, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• Quad Array, See 2N7116 Series 

• SO-14 Array, See SD5400 Series 

• SOT-143, See SST211 Series 

• Chips, Order 2N710XCHP 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 SUBSTRATE, CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N7105 

2N7107 

2N7109 

Gate-Source, Gate-Drain Voltage 



-15/25 

-25/30 


Gate-Substrate Voltage 1 

Vgb 


-0.3/25 

-0.3/30 


Drain-Source Voltage 

Vds 

30 

10 

20 

V 

Source-Drain Voltage 

VSD 

10 

10 

20 


Drain-Substrate Voltage 

Vdb 

30 

15 

25 


Source-Substrate Voltage 

V SB 

15 

15 

25 


Drain Current 

Id 

50 

50 

50 

mA 

Power Dissipation (Tj = 25°C) 

Pd 

300 

300 

300 

mW 

Power Derating 


2.4 

2.4 

2.4 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 


Storage Temperature 

Tstg 

-65 to 200 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 



^hese devices feature an internal Zener protected gate. 
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'Siliconix 

incorporated 


2N7105 SERIES 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


STATIC 


Drain-Source - 
Breakdown Voltage 



LIMITS 




Ireakdowrfvoltage 3 V «BR)SP Vgd - Vbd • -5 V 

Drain-Substrate „ w _ _ v gb = 0 v o 

Breakdown Voltage 3 (BR)DB l D =10nA b 

Source-Substrate „ v V GB = 0 V 

Breakdown Voltage 3 (brjsb I s = 1 0 JJLA u 

Vgs = V bs = -5 V 


TEST CONDITIONS 


V G s=V B s = 0 V, l D = 10MA 35 30 

V G s = V B s = -5 v, l s = 10 nA 30 10 

V G d = V BD = -5 V, I d = 10 nA 22 10 



Source OPEN 35 15 


Drain-Source 

Leakage 


Source-Drain 

Leakage 


Gate Leakage 



DYNAMIC 


Forward _ 

Transconductance 3 yfs 


Output 

Conductance 3 

Gate Node 
Capacitance 


Reverse Transfer 
Capacitance 


SWITCHING 


Turn-ON Time 
Turn-OFF Time 3 




l 8 - 10J1A Drain 0PEN 

Vnc = 10 V 

v Q8 - v bs = -5V 

Vqs = V B s = -5V V DS = 10 V 
T a =125°C V ds = 20 V 
Vsd = 10 V 

V °°- V °°- 5V 

V GD = -5 V V s p= 10 V 
T a = 125°C V G D = 20 V 

V GS = 25 V 

V DS =V SB = 0 V - V — 3 - A v- 

V DS = V SB = 0 V V G S = 25 V 
T a =125°C V gs = 30 V 

V D s = 30 V, V GS = V BS = 0 V 

v ds = Vqs = V GS(th) , I s = 1 JiA 
Vsb = 0 V 

V GS = 5 V, l D = 1 mA 


V DS = 10 V, V SB = 0 V 
l D = 20 mA, f = 1 kHz 


V DS = 10 V, f = 1 MHz 
V GS = V BS = -15 V 


V DD = 5 V, R |_ = 680 a 
V| N = 5 V, R g = 50 a 


30 


10 


10 


15 


15 



10 




5 




10 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. This parameter not registered with JEDEC. 
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2N71 16 SERIES 


ex' Siliconix 

JLM innDrpnratEd 


N-Channel Lateral DMOS Quad FETs 


The Siliconix 2N7116 series is a monolithic array of 
single-pole, single-throw analog switches designed 
for high speed switching in audio, video and high 
frequency applications in communications, instru- 
mentation, and process control. Designed on the 
Siliconix DMOS process, the 2N7116 is rated for 
analog signals of ±10 V, while the 2N7117 and 
2N71 18 are rated for ±5 V and ±7.5 V respectively. 

These bidirectional switches feature very low 
interelectrode capacitance and on-resistance to 
achieve low insertion loss, crosstalk, and 
feedthrough performance. The threshold voltage 
for all switches is 2 V maximum, simplifying driver 
requirements for low level signal applications. 

For additional design information please see 
performance curves DMCA-1B, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• SOT-143, See SST211 Series 

• TO-18, See SD211DE Series 

• SO-14, See SD5400 Series 

• Chips, Order 2N711XCHP 


PART 

NUMBER 

V(BR)DS 

MIN 

(V) 

VGS(th) 

MAX 

(V) 

rds(ON) 

MAX 

<n) 

t ON 

MAX 

(ns) 

2N7116 

20 

2.0 

70 

2 

2N7117 

10 

2.0 

70 

2 

2N7118 

15 

2.0 

70 

2 


16-PIN DIP 
SIDE BRAZE QUAD 



TOP VIEW 


Di|T 


iej D 4 

Substrate [T 


15J NC 

Gi QT 


m] G 4 

Si [7 


Tsj s 4 

S 2 [][ 


12] S3 

G 2 |T 


TT] g 3 

NC [T 


To] NC 

d 2 [T 


U d 3 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

2N7116 

2N7117 

2N7118 

Gate-Source, Gate-Drain Voltage 

Vgs.Vqd 

251-25 

25/-15 

30/-22.5 

V 

Drain-Substrate, Source-Substrate 

Voltage 

Vdb .v S b 

25 

15 

22.5 

Drain-Source, Source-Drain Voltage 

Vds .Vsd 

20 

10 

15 

Gate-Substrate Voltage 1 

Vgb 

30/-0.3 

25/-0.3 

30/-0.3 

Drain Current 

Id 

50 


Power Dissipation 

Package 

Pd 

640 

mW 

Each Device 

300 

Power Derating (Package) 


5 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 1 25 

°C 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


"'These devices feature an internal Zener procted gate. 
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CT'Siliconix 

JL9 incorporated 


ELECTRICAL CHARACTERISTICS 1 


2N71 16 SERIES 



PARAMETER 


STATIC 


Drain-Source V (BR)DS 

Breakdown Voltage 


Source-Drain 

Leakage 


Gate Leakage 


Zero Gate Voltage 
Drain Current 


Threshold Voltage I V GS(th ) 


Drain-Source 

On-Resistance DS(ON) 


DYNAMIC 


Forward 

Transconductance 3 


Output 

Conductance 3 


Gate Node 
Capacitance 


Reverse Transfer 
Capacitance 


SWITCHING 


LIMITS 


2N7116 2N7117 


TEST CONDITIONS 


2N7118 

MIN I MAX I MIN MAX UNIT 


Source-Drain o v v - v 

Breakdown Voltage 3 (BR)SD gd bd 

Drain-Substrate , v „ v gb = 0 V 

Breakdown Voltage 3 V (BR)DB I d = 10 nA 

Source-Substrate v v gb = 0 V 

Breakdown Voltage 3 (BR)SB | s =10jiA 


Drain-Source 

Leakage 


V G s = V BS = 0 V, l D = 10MA 35 
Vqs = v bs = "5 V, l s = 10 nA 30 10 

Vgd = V B d = -5 V, l D = 10 nA 22 





V D s=V SB = 0 V Vqs = 25 V 
T A = 125°C V GS = 30 V 


V DS = 30 V, V GS = V BS = 0 V 
V DS = V GS = V GS(th) . I D = l-^A 


V G c = 5 V, l D = 1 mA 


V DS = 10 V, V SB = 0 V 
l D = 20 mA, f = 1 kHz 


V DS = 10 V, f = 1 MHz 
V GS =V BS = -15 V 


V 


70 a 



Turn-ON Time 

td(ON) 


IEEZMMR 

1 


1 


1 


tr 

V DD = 5 V, R L = 680 a 

EQM1 

1 


1 


1 


Turn-OFF Time 3 

td(OFF) 

tf 

V, N = 5 V, R g = 50 si 

2 

6 






ns 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. This parameter not registered with JEDEC. 


5-7 

















































































SD210DE SERIES 


CT'Siliconix 

A m incorporated 


N-Channel Lateral DMOS FETs 


The SD210DE Series of single-pole, single-throw 
analog switches is designed for high speed 
switching in audio, video, and high-frequency 
applications. These devices are designed on the 
Siliconix DMOS process and utilize lateral 
construction to achieve low capacitance and 
ultra-fast switching speeds. For long term 
reliability, this series also features a poly-silicon 
gate. 


PART 

NUMBER 

V (BR)DS 

MAX 

(V) 

r ds(ON) 
MAX 

(fl) 

Crss 

MAX 

(PF) 

*ON 

MAX 

(ns) 

SD210DE 

20 

45 

0.5 

2 

SD212DE 

10 

45 

0.5 

2 

SD214DE 

15 

45 

0.5 

2 


For additional design information please see 
performance curves DMCB, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• Quad Array, See SD5000 Series 

• SO-14 Array, See SD5400 Series 

• Zener Protection, See SD211DE Series 

© SOT-143, See SST211 Series 

• Chips, Order SD21XCHP 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 SUBSTRATE, CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SD210DE 

SD212DE 

SD214DE 

Gate-Source, Gate-Drain 

Gate-Substrate Voltage 

Vgs.Vqd.Vqb 

+40 

+40 

+ 40 

V 

Drain-Source Voltage 

Vds 

30 

10 

20 

Source-Drain Voltage 

VsD 

10 

10 

20 

Drain-Substrate Voltage 

Vdb 

30 

15 

25 

Source-Substrate Voltage 

VsB 

15 

15 

25 

Drain Current 

1 D 

50 

50 

50 

mA 

Power Dissipation (25°C Case) 

Pd 

1200 

1200 

1200 

mW 

Power Derating 


9.6 

9.6 

9.6 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

Tstg 

-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 


SD210DE SERIES 






SD210DE 

SD212DE 

SD214DE 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN MAX 

MIN MAX 

Baca 

UNIT 


Drain-Source 
Breakdown Voltage 


Source-Drain 


Breakdown Voltage V (BR)SD V GD - v BD - 

Drain-Substrate v V GB = 0 V 

Breakdown Voltage V (BR)DB l D = 10 nA 

“ ” V GB = 0 V 


Source-Substrate 


Drain-Source 

Leakage 

Source-Drain 

Leakage 


Gate Leakage 


Threshold Voltage I V GS(th) 


Drain-Source 

On-Resistance 


Vgs = V B s = 0 V, l D = 10MA 35 30 

Vgs=V B s = -5V, l s = 10 nA 30 

Vgd = V B q = -5 V, I q = 1 0 nA 22 


Breakdown Voltage I V (BR)SB I | g _ iq^a 


Source OPEN 35 


Drain OPEN 


DS(OFF) | V GS = V BS = -5 V Vds — 20 v 

V SD = 10 V 
Vgd-Vbd--5v| V ”, 20V 

V D b=V sb = 0V, V gb = +40 V 


V DS = Vqs = V GS(th) - I S = 1 -^A 

V SB = 0 V 

I V r , R = 5 V 


I D = 1 mA 
V SB = 0 V 


V GS = o v 

V G S = io v 
V GS = 15 V 
Vqs = 20 V 26 

V GS = 25 V 24 




10 


10 


15 


15 



10 




10 




0.1 

0.1 

2 


70 


45 





Forward 

T ransconductance 


Output 

Conductance 

Gate Node 
Capacitance 

Drain Node 
Capacitance 

Source Node 
Capacitance 


Reverse Transfer 
Capacitance 


SWITCHING 



v DS = 10 V, V SB = 0 V 
I D = 20 mA, f = 1 kHz 


V DS = 10 V, f = 1 MHz 
V G s = V B s = -15 V 



V DD = 5 V, R l = 680 SI 
V, N = 0 to 5 V 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 


10 





3.5 


1.5 


5.5 


0.5 
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SD211DE SERIES 


Siliconix 

incorporated 


N-Channel Lateral DMOS FETs 


The SD211DE Series of single-pole, single-throw 
analog switches is designed for high speed 
switching in audio, video, and high-frequency 
applications. These devices are designed on the 
Siliconix DMOS process and utilize lateral 
construction to achieve low capacitance and 
ultra-fast switching speeds. This series also 
features an integrated zener diode designed to 
protect the gate from electrical “Spikes” or 
overstress. 

For additional design information please see 
performance curves DMCB, which are located in 
Section 7. 

SIMILAR PRODUCTS 

• Quad Array, See SD5000 Series 

• SO-14 Array, See SD5400 Series 

• SOT-143, See SST211 Series 

• Chips Order, SD21XCHP 


PART 

NUMBER 

V(BR)DS 

MAX 

(V) 

r ds(ON) 
MAX 
(f» 

C r ss 

MAX 

(PF) 

tON 

MAX 

(ns) 

SD211DE 

10 

45 

0.5 

2 

SD213DE 

10 

45 

0.5 

2 

SD215DE 

20 

45 

0.5 

2 


TO-72 BOTTOM VIEW 



2 DRAIN 

3 GATE 

4 SUBSTRATE, CASE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SD211DE 

SD213DE 

SD215DE 

Gate-Source, Gate-Drain Voltage 

VgS.Vqd 


-15/25 

-25/30 


Gate-Substrate Voltage 

Vqb 1 


-0.3/25 

-0.3/30 


Drain-Source Voltage 


30 

10 

20 


Source-Drain Voltage 

VSD 

10 

10 

20 

V 

Drain-Substrate Voltage 

Vdb 

30 

15 

25 


Source-Substrate Voltage 

VsB 

15 

15 

25 


Drain Current 

Id 

50 

50 

50 

mA 

Power Dissipation (25°C Case) 

Pd 

1200 

1200 


mW 

Power Derating 


9.6 

9.6 

9.6 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

Tstg 

-65 to 200 

B 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

B 


1 This series features an internal zener diode for gate protection 
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SD21 1 DE SERIES 



5 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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SD/SST2100 SERIES BW&& 

N-Channel Depletion-Mode Lateral DMOS FETs 


The SD/SST2100 Series is a depletion-mode 
MOSFET which utilizes our lateral DMOS process to 
provide low capacitance, fast switching, and high 
operating frequency. This DMOS process 
effectively bridges the operating frequency gap 
between JFETs and costly gallium-arsenide 
devices. Additionally, this series is available in both 
a TO-72 hermetically sealed can as well as the 
SOT-143 package for commercial applications. 

For additional design information please see 
performance curves DMCD, which are located in 
Section 7. Application hints can be found in LPD-1 2 
(See Section 9). 


SIMILAR PRODUCTS 

• Chips, Order SD2100CHP 


PART 

NUMBER 

V(br)ds 

MAX 

(V) 

r ds(ON) 

MAX 

(H) 

C r ss 

MAX 

(PF) 

*ON 

TYP 

(ns) 

SD2100 

15 

50 

2 

1.1 

SST2100 

15 

50 

2 

1.1 


TO-72 BOTTOM VIEW 



3 GATE 

4 SUBSTRATE 


SOT-143 



TOP VIEW 

id 


4 

iD 


33 

32 


1 GATE 

2 DRAIN 

3 SOURCE 

4 SUBSTRATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SD2100 

SST2100 

Gate-Source Voltage 

Vgs 

+ 25 

+ 25 


Drain-Source Voltage 

VdS 

25 

25 

V 

Drain Current 

Id 

50 

50 

mA 

Power Dissipation (Ta= 25°C) 

Pd 

350 

350 

mW 

Power Derating 


2.8 

2.8 


Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

H 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 

■ 
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33 ) incorporated SD/SST2100 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






SD/SST2100 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DS 

V G s = V B s = -5 V, l D =1 MA 

25 

15 


V 

Gate Reverse 

Current 

■gss 

V GS = ±25 V, V DS =\ 

^BS = 0 V 

± 0.05 


± 1 

nA 

Saturation Drain 
Current 

■dss 

V DS = 10 V, V GS = V 

BS = 0 V 

7 

0.5 

10 

mA 

Gate-Source Cutoff 

V GS(OFF) 

v DS = io V, l D = 
V BS = 0 V 

1 JJLA 

-1.5 


-2 


Gate-Source 

V GS 

v DG = 10 V 

1 D = 5 mA 

-0.3 

-1 

1 

V 

Voltage 

V BS = 0 V 

1 D = 1 0 mA 

0.4 

0 

1.5 


Drain-Source 

r DS(ON) 

l D = 100 iiA 

v GS = o V 

120 


200 

a 

On-Resistance 

V BS = 0 v 

V GS = 5 V 

40 


50 

DYNAMIC 

Forward 

Transconductance 

9 fs 

V DS = 10 v, v GS = V BS = 0 V 

8000 




Output 

Conductance 

9 os 

f = 1 kHz 


250 


500 

MS 

Forward 

Transconductance 

9 fs 

Yqg = 1 0 V, V BB 

= 0 V 

10000 

7000 


Output 

Conductance 

9 os 

l D = 10 mA, f = 

1 kHz 

350 


500 


Common-Source 

Input Capacitance 

C iss 

ii 

> 

o 

ii 

CO 

Q 

> 

MHz 

5 


6 

PF 

Reverse Transfer 
Capacitance 

wm 

V G s = V BS = -5 V 

1 


2 

SWITCHING 

Turn-ON Time 

td(ON) 



0.7 




tr 

V DD = 5 V, R l = 680 XL 

0.4 



ns 

Turn-OFF Time 

*OFF 

V, N = -4 V to - 

•2 V 

5 




NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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SD5000 SERIES 


fTSiEconix 

* incorporated 


N-Channel Lateral DMOS Quad FETs 


The Siliconix SD5000 Series is a monolithic array of 
single-pole, single-throw analog switches designed 
for high speed switching in audio, video and 
high-frequency applications in communications, 
instrumentation, and process control. Designed on 
the Siliconix DMOS process, the SD5000 is rated for 
analog signals of ±10 V, while the SD5001 and 
SD5002 are rated for ±5 V and ±7.5 V respectively. 

These bidirectional switches feature very low 
interelectrode capacitance and on-resistance to 
achieve low insertion loss, crosstalk, and 
feedthrough performance. The threshold voltage 
for all switches is 2 V maximum, simplifying driver 
requirements for low level signal applications. 

For additional design information please see 
performance curves DMCA-1B, which are located in 
Section 7. 

SIMILAR PRODUCTS 

© SO-14, See SD5400 Series 

• TO-18, See SD211DE Series 

• SOT-143, See SST211 Series 

• Chips, Order SD500XCHP 


PART 

NUMBER 

PACKAGE 

Vgs(th) 

MAX 

(V) 

r ds(ON) 

MAX 

(H) 

tON 

MAX 

(ns) 

SD5000N 

PLASTIC 

2.0 

70 

2 

SD5001N 

PLASTIC 

2.0 

70 

2 

SD5002N 

PLASTIC 

2.0 

70 

2 

SD5000I 

CERAMIC 

2.0 

70 

2 

SD5001I 

CERAMIC 

2.0 

70 

2 

SD5002I 

CERAMIC 

2.0 

70 

2 


16-PIN DIP 
QUAD PLASTIC 



ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SD5000 

SD5001 

SD5002 

Gate-Source, Gate-Drain Voltage 

Vgs.Vqd 

30/-25 

25/-15 

30/-22.5 

V 

Drain-Substrate , Source-Substrate 

Voltage 

Vdb .Vsb 

25 

15 

22.5 

Drain-Source, Source-Drain Voltage 

Vds .Vsd 

20 

10 

15 

Gate-Substrate Voltage 1 

Vgb 

30/-0.3 

25/-0.3 

30/-0.3 

Drain Current 

• d 

50 

mA 

Power Dissipation 

Package 

Pd 

640 

| 

Each Device 

300 

Power Derating (Package) 


5.12 


Operating Junction Temperature 

Tj 

-55 to 125 

■ 

Storage Temperature 


-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


1 These devices feature an internal zener protected gate. 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS ‘ 


SD5000 SERIES 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 


Source-Drain 
Breakdown Voltage 

Drain-Substrate 
Breakdown Voltage 


Source-Substrate 


Drain-Source 

Leakage 


Source-Drain 

Leakage 


Gate Leakage 


Drain-Source 

On-Resistance 


Resistance Match 


DYNAMIC 


Forward 

Transconductance 


Gate Node 
Capacitance 


Drain Node 
Capacitance 


Source Node 
Capacitance 


Reverse Transfer 
Capacitance 


Crosstalk 


SWITCHING 


Turn-ON Time 


Turn-OFF Time 



TEST CONDITIONS 



SD5000 

TYP 2 MIN MAX 


V (BR)DS 

V GS = V BS = -5 V, 

l D = 10 nA 

V (BR)SD 

V GD =V bd = -5 V 

l s = 10 nA 

V (BR)DB 

b = 1o°nA Source OPEN 

V (BR)SB 

U = 1o°nA DrainOPEN 

■dS(OFF) 

V G s = V BS = -5 V 

V DS = 20 V 

v DS = iov 

V DS = 15 V 

1 SD(OFF) 

V G d = V BD = -5 V 

V SD = 20 V 

V SD = 10 V 
V SD = 15 V 

•gbs 

V DB =V SB = 0 V, 

N/qb = 30 V 

V GS (th) 

V DS = V GS = Y GS (th) • 1 S = 1 AA 

V SB = 0 V 

r DS(ON) 

1 D = 1 mA 

V SB = 0 V 

V GS = 5V 

V GS = 10 V 
V GS = 15 V 

V GS = 20 V 


l D =1 mA, V SB = 0 V 

V GS = 5 V 




10 






1 

0.1 

2.0 


70 



i 



10 


10 


15 



■ 




10 






10 




1 

0.1 

2.0 


70 







v DS = 10 V, v SB = 0 V 
In = 20 mA, f = 1 kHz 


V DS = 10 V, f = 1 MHz 
V G s=V BS = -15 V 


f = 3 kHz, See Test Circuits 
in DMCA Performance Curves 


V DD = 5 V, R L = 680 £1 
V, N = 5 V 



10 



3.5 


1.6 


5 


0.5 




NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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SD5400 SERIES 


CT'Siliconix 

.JLJr incorporated 


N-Channel Lateral DMOS Quad FETs 


The Siliconix SD5400 series is a monolithic array of 
single-pole, single-throw analog switches designed 
for high-speed switching in audio, video and high 
frequency applications in communications, instru- 
mentation, and process control. Designed with the 
Siliconix DMOS process, the SD5400 is rated for 
analog signals of ±10 V, while the SD5401 and 
SD5402 are rated for ±5 V and ±7.5 V respectively. 

These bidirectional switches feature very low 
interelectrode capacitance and on-resistance to 
achieve low insertion loss, crosstalk, and 
feedthrough performance. The threshold voltage 
for all switches is 2 V maximum, simplifying driver 
requirements for low level signal applications. 

For additional design information please see 
performance curves DMCA, which are located in 
Section 7. 


SIMILAR PRODUCTS 

® TO-18, See SD211DE Series 

• 16-Pin DIP, See SD5000 Series 

• SOT-143, See SST211 Series 

• Chips, Order SD540XCHP 


PART 

NUMBER 

V(BR)DS 

MIN 

(V) 

VgS(TH) 

MAX 

(V) 

r ds(ON) 

MAX 

(H) 

*ON 

MAX 

(ns) 

SD5400CY 

20 

2.0 

70 

2 

SD5401CY 

10 

2.0 

70 

2 

SD5402CY 

15 

2.0 

70 

2 


SO-14 


TOP VIEW 


s 2 [E 

BODY [E 

G 2 [E 
d 2 [E 
d 3 [E 
GaQI 
s 3 m 


n 

u 

n 

n 

31 

n 

3] 


Si 

N/C 

G 1 

Di 

d 4 

g 4 

s 4 



ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SD5400 

SD5401 

SD5402 

Gate-Source, Gate-Drain Voltage 

Vgs.Vgd 

30/-25 

25/-15 


V 

Drain-Substrate , Source-Substrate 

Voltage 

Vdb >Vsb 

25 

15 


Drain-Source, Source-Drain Voltage 

VdS tV S D 

20 

10 

15 

Gate-Substrate Voltage i 

VGB 

30/-0.3 

25/-0.3 

30/-0.3 

Drain Current 

Id 

50 

mA 

Power Dissipation 

Package 

Pd 

500 


Each Device 

300 

Power Derating (Package) 


5 


Operating Junction Temperature 

Tj 

-55 to 125 

■ 

Storage Temperature 

T stg 

-55 to 125 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


1 These devices feature an internal Zener protected gate. 
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. liliconix 

incprpnratEd 


SD5400 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

SD5400CY 

SD5401CY 

SD5402CY 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DS 

V GS =V B s = -5 V, 1 D = 10 nA 

30 

20 ' 


10 




V 

Source-Drain 
Breakdown Voltage 

V (BR)SD 

Vgd = V B d = -5V, l s = 10 nA 

22 

20 


10 




Drain-Substrate 
Breakdown Voltage 

V (BR)DB 

Y GB : n °n V A Source OPEN 

1 D = 1 0 nA 

35 

25 






Source-Substrate 
Breakdown Voltage 

V (BR)SB 

VrR = 0 V 

l s G =«mA Drain OPEN 

35 

25 



■ 



Drain-Source 

Leakage 

•dS(OFF) 

Vgs=V BS = -5 V 

| V DS = 20 V | 

0.9 


10 





nA 

> 

o 

ii 

CO 

Q 

> 

0.4 




10 



V DS = 15 V 








Source-Drain 

Leakage 

•SD(OFF) 

V gd = V BD = -5 V 

V SD = 20 V 

on 


mm 





v SD = 10 V 

Da 




10 



V SD = 15 v 

EEI 







Gate Leakage 

^ GBS 

Vdb=V sb = 0 V, V GB = 30 V 



i 


1 



UA 

Threshold Voltage 

V GS(th) 

V DS = V GS = V GS(th) - 1 S = 1 

v SB = o V 

D 


n 

0.1 

B 


H 

V 

Drain-Source 

On-Resistance 

r DS(ON) 

1 D = 1 mA 

V SB = 0 V 

V GS = 5 V 

El 


SI 


El 


EB 

a 

V GS = 10 V 

MM 







V GS = 15 V 

picggi 







V GS = 20 V 








Resistance Match 

l D =1 mA, V SB = 0 V 

V GS = 5 V 

1 1 1 




B 


B 

DYNAMIC 

Forward 

T ransconductance 

9fs 

v DS = 10 V, v SB = 0 V 

1 D = 20 mA , f = 1 kHz 

ii 

10 


10 


10 


mS 

Gate Node 
Capacitance 



a 


3.5 


3.5 



PF 

Drain Node 
Capacitance 


V DS = 10 V, f = 1 MHz 
V GS =V BS = -15 V 

i.i 


2 


2 



Source Node 
Capacitance 


3.7 


6 


6 


B 

Reverse Transfer 
Capacitance 

— 

0.2 


0.5 


0.5 



Crosstalk 


f = 3 kHz, See Test Circuits 
in DMCA Performance Curves 

-107 






B 

dB 

SWITCHING 


CL 

O 

2 

V DD = 5 V, R L = 680 n 

KOI 


1 


1 


1 

ns 

tr 

139 


1 


1 


1 


td(OFF) 

V, N = 5 V 

D 







tf 

LlJ 








NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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Si8901 SERIES 


CT* Silicon ix 

JbLJbp incorporated 


DMOS Double-Balanced Mixers 


The Si8901 Ring Demodulator/Balanced Mixer offers 
significant improvements for RF mixer application 
where low third order harmonic distortion has been 
a problem. Combining matching with very low 
junction capacitance, (< 3 pF), low on-resistance 
(30 fl) and very high off-resistance (> 10 9 fl), the 
Si8901 accepts an RF and a local oscillator (LO) 
input and provides a high fidelity IF output with 
typical conversion loss of -8 dB at frequencies up 
to 200 MHz. Available in an 8-pin TO-78 and SO-14 
package, this device is specified over -55 to 125°C 
temperature range. 


PART 

NUMBER 

PACKAGE 

V(br)ds 

MIN 

(V) 

Vcs(th) 

MAX 

(V) 

r ds(ON) 
MAX 

(a) 

Si8901 A 

KlkB 

15 

2.0 

70 

Si8901CY 

KM 

15 

2.0 

70 


SO-14 



TOP VIEW 


LOtDE 

• 

ID rf 2 

sub IT 


ID SUB 

lo 2 [E 



SUB {£ 


ID SUB 

if 2 [E 


ID IFi 

sub [E 


n sub 

N/C[E 


ID N/C 


SIMILAR PRODUCTS 

• Chips, order Si8901CHP 


TO-78 


BOTTOM VIEW 




7 IF 3 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SI8901A 

SI8901CY 

Gate-Source, Gate-Drain Voltage 


30/-22.5 

30/-22.5 

V 

Drain-Substrate, Source-Substrate 

Voltage 


22.5 

22.5 

Drain-Source Voltage 

■a 

15 

15 

Gate-Substrate Voltage 1 

Vgb 

30/-0.3 

30/-0.3 

Drain Current 

'd 

50 

mA 

Power Dissipation (Package) 

Pd 

500 

mW 

Power Derating 


5 

mW/°C 

Operating Junction Temperature 

Tj 

-55 to 1 25 

■ 

Storage Temperature 

T stg 

-65 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


"'These devices feature an internal Zener protected gate. 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS ‘ 


Si8901 SERIES 


PARAMETER 



TEST CONDITIONS 


Drain-Source 
Breakdown Voltage 


Source-Drain 
Breakdown Voltage 


Drain-Substrate v V GB = 0 V 

Breakdown Voltage (BR)db | D = 10 nA 


V (B R)DS V GS = V BS = -5 V, I D = 10 nA 


V(BR)SD I V GD = V BD = -5 V, l s = 10 nA 


Source-Substrate 


v GB = o v 


Breakdown Voltage I (BR)SB I | s= ionA 


Source OPEN 


Drain OPEN 



:-5 V, Vnc = 15 V 


Gate Leakage 


Threshold Voltage V GS (th) 


Drain-Source 

On-Resistance 


Resistance Match 


DYNAMIC 


LOt - lo 2 

Capacitance 




V G d = V BD = -5V ) V sd = 15 V o.8 

V D B = Vsb = ® Y, V GB = 30 V 0.01 

V DS = V GS = V GS(th) • I S = 1 

V SB = 0V 

I V GS = 5 V 

I D = 10 mA Vqs = 1 0 V 
V SB = 0 V V G S= 15 v 

Vqs = 20 V 

l D = 10 mA , V SB = 0 V 
V GS = 5 V 


V DS = 0 V,V bs =-5.5 V 
V GS = 4 V 


See Figure 1 , P LO = +17 dBm 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 


T1-1T 

SIGNAL t OR 


LOW-PASS 
IMAGE TERMINATING 
FILTER 
(OPTIONAL) 
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SST211 SERIES 


CT" Siliconi x 

JmM incorporated 


N-Channel Lateral DMOS FETs 


The SST211 Series is a single-pole, single-throw 
analog switch designed for high speed switching in 
audio, video, and high-frequency applications. 
These devices are designed on the Siliconix DMOS 
process and utilize lateral construction to achieve 
low capacitance and ultra-fast switching speeds. 
These devices also feature an integrated Zener 
diode designed to protect the gate from electrical 
"spikes” or overstress. 

For additional design information please see 
performance curves DMCB, which are located in 
Section 7. 


SIMILAR PRODUCTS 

• TO-18, See SD211DE Series 

• Quad Array, See SD5000 Series 

• SO-14 Array, See SD5400 Series 

• Chips, Order SD21XCHP 


PART 

NUMBER 

V(BR)DS 

MAX 

(V) 

r ds(ON) 
MAX 
(H) 

C r ss 

MAX 

(PF) 

*ON 

MAX 

(ns) 

SST211 

10 

50 

0.5 

2 

SST213 

10 

50 

0.5 

2 

SST215 

20 

50 

0.5 

2 


SOT-143 TOP VIEW 




1 SOURCE 

2 DRAIN 

3 GATE 

4 SUBSTRATE 


PRODUCT MARKING 

SST211 

Dll 

SST213 

D13 

SST215 

D15 


ABSOLUTE MAXIMUM RATINGS (T A = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

LIMIT 

UNITS 

SST211 

SST213 

SST215 

Gate-Source, Gate-Drain Voltage 

Vgs.Vgd 

-30/25 

-15/25 

-25/30 


Gate-Substrate Voltage 1 

Vgb 

-0.3/25 

-0.3/25 

-0.3/30 


Drain-Source Voltage 

Vds 

30 

10 

20 

V 

Source-Drain Voltage 

VsD 

10 

10 

20 


Drain-Substrate Voltage 

Vdb 

30 

15 

25 


Source-Substrate Voltage 

V SB 

15 

15 

25 


Drain Current 

Id 

50 

50 

50 

mA 

Power Dissipation 

Pd 

350 

350 

350 

mW 

Power Derating 


2.8 

2.8 

2.8 


Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

Tstg 

-65 to 150 


Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 

■ 


^hese devices feature an internal Zener diode 
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—Iliconix 

incorporated 


SST211 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






SST211 

SST213 

SST215 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 



UNIT 

STATIC 

Drain-Source 


V GS =V B s = 0 V, 

l D = 10J1A 

35 

30 







Breakdown Voltage 

V G s = Vbs = -5 V, 

l s = 10 nA 

30 

10 


10 


20 



Source-Drain 
Breakdown Voltage 

V (BR)SD 

V G d = V bd = -5V, 

l D = 10 nA 

22 

10 


10 




V 

Drain-Substrate 
Breakdown Voltage 

V (BR)DB 

^ GB m°n V A Source OPEN 

1 □ = l o nA 

35 

15 


15 


B 



Source-Substrate 
Breakdown Voltage 

V (BR)SB 

Vpr = 0 V 

I S G =10MA Drain OPEN 






25 



Drain-Source 

!ds(off) 

V GS = V BS = -5 V 

v DS = iov 



KB 


10 




Leakage 

V DS = 20 V 



□ 




mm 


Source-Drain 

•SD(OFF) 

V GD = V B d = -5 V 

V S d = 10 v 



KB 


10 



nA 

Leakage 

Vsd = 20 V 

m 

bih 

mu 




10 

Gate Leakage 

!gbs 

V DB =V SB = 0 V, V GB = +25 V 



10 


10 


10 

MA 

Threshold Voltage 

V GS (th) 

V DS = V GS = V GS(th) > 1 S = 1-HA 

V SB = 0 V 

B 

0.5 

2 

0.1 

2 


B 

V 




V GS = 5 V 

m 


75 


75 


75 




1 D = 1 mA 

V SB = 0 V 

v GS = 10 V 

KB 


50 


50 


50 


Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 15 V 

KB 







a 


V GS = 20 V 

eb 











V GS = 25 V 

mm 








DYNAMIC 

Forward 

T ransconductance 

9fs 

v DS = 10 V, V SB = 0 V 

m 

B 


B 

B 

9 


mS 

Output 

Conductance 

9 os 

1 D = 20 mA, f 

= 1 kHz 








Gate Node 
Capacitance 




a 


3.5 




3.5 


Drain Node 
Capacitance 

C (GD+DB) 

> 

o 

ii 

CO 

Q 

> 

= 1 MHz 

B 


1.5 


1.5 


B 

PF 

Source Node 
Capacitance 

C (GS+SB) 

V GS = V BS = 

-15 V 

B 


6 


CD 


| 

Reverse Transfer 
Capacitance 

C rss 



0.2 


0.5 


0.5 




SWITCHING 

Turn-ON Time 

td(ON) 



KBi 


1 


1 


1 


t r 

V DD = 5 V, R l: 

= 680 n 

ill 


1 


1 


1 

ns 

Turn-OFF Time 

td(OFF) 

V| N = 0 to 5 V 

2 







tf 


1 

6 









NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 
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Siliconix 

incorporated 


LOW POWER MOS 


INTRODUCTION 


Low Power MOS products from Siliconix utilize a vertical DMOS process to offer a wide range of 
both n- and p-channel Enhancement-mode and n-channel Depletion-mode devices. The vertical 
structure allows high breakdown voltage, low on-resistance, low capacitance, and fast switch- 
ing. Inherent in its MOS process, these devices also feature a high-impedance gate and 
freedom from the thermal runaway typically associated with bipolar devices. 

To meet a wide range of applications Siliconix’ Low Power MOS product line features n-channel 
Enhancement-mode devices with breakdown voltages ranging from 30 - 500 volts, on- 
resistance as low as 1.2 n, and many devices with threshold voltages less than 2.5 volts. P- 
channel devices designed to complement n-channel products are offered with breakdown 
voltage ranging from 30 - 240 volts, on-resistance as low as 1 .8 f 1 , and a family of low threshold 
devices again with threshold voltages less than 2.5 volts. 

A recent unique addition to this product line was a family of high voltage n-channel Depletion- 
mode products. This series features normally “on" operation, breakdown voltage up to 240 
volts, and on-resistance as low as 6 H. Depletion-mode performance is perfect for use in tele- 
communications and industrial process control applications. 

Packaging options are diverse and include SOT-23, TO-92, TO-237, and 14-pin DIPs for com- 
mercial applications and TO-39, TO-52, and 14-pin ceramic packages for demanding industrial 
or military applications. Full military processing is available per MIL-S-19500 on all hermetically 
sealed packages. 

For additional technical information please see “High-Side Switching” (LPD-17), “Depletion- 
mode Applications” (LPD-18), “Logic compatable MOS” (LPD-19), and “FETs in Telecom” 
(LPD-16). These application notes are located in section nine and provide useful design tips and 
device information. 
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2N6659 


Cg'Siliconix 

M Jr incorporated 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

r DS(ON) 

(a) 

Id 

(A) 

PACKAGE 

35 

1.8 

1.4 

TO-205AD 


Performance Curves: VNDQ06 (See Section 7) 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N6659 

UNITS 

Drain-Source Voltage 

VdS 

35 

V 

Gate-Source Voltage 

Vgs 

±20 

Continuous Drain Current 1 

T c = 25°C 

Id 

1.4 

A 

T c = 100°C 

1 

Pulsed Drain Current 1 

>dm 

3 

Power Dissipation 

T c = 25°C 

Pd 

6.25 

W 

O 

o 

O 

O 

II 

o 

1- 

2.5 

Operating Junction Temperature 

T| 

-55 to 150 

■ 

Storage Temperature 2 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N6659 

UNITS 

Junction-to-Ambient 2 

P thJA 

170 

°c/w 

Junction-to-Case 

RthJC 

20 


1 Pulse width limited by maximum junction temperature 
2 This parameter not registered with JEDEC 
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iliconix 

incorparatEd 


2N6659 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N6659 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, 1 D = 10 JIA 

70 

35 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs * Ip = 1 m A 




Gate-Body Leakage 

■gss 

V DS = 0 V 


±1 



nA 

V qs = + 15V 

H 

O 

ii 

ro 

cn 

O 

±5 


+500 

Zero Gate Voltage 

Drain Current 

•dss 

V GS = 0 V 

V DS = 35 V 



10 

MA 

V DS = 28 V, T c = 125° C 

0.3 | 


500 

On-State Drain 

Current 3 

•□(ON) 

< 

D 

co 

ii 

o 

< 

< 

G 

CO 

II 

o 

< 


1.5 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

| 4 Vqs = 5 V, l D = 0.3 A j 

1.8 


5 

XL 

v GS = 10 V 


1.3 


1.8 

1 D = 1 A 

4 T c = 125° C 

2.6 


3.6 

Drain-Source 

On-Voltage 3 

V DS(ON) 

| 4 V GS = 5 V, l D = 0.3 A | 

0.54 


1.5 

V 

v GS = io V 


1.3 


1.8 

l D = 1 A 

| 4 T c = 125° C 

2.6 


3.6 

Forward 

Transconductance 

9fs 

V DS = 10 V, l D = 0.5 A 


170 


mS 

Common Source 

Output Conductance 3 - 4 

9os 

V DS = 10V, l D = 0.1 A 

1100 



.US 

DYNAMIC 

Small Signal Drain- 
Source On-Resistance 

r ds(ON) 

V GS = 10 V, l D = 1 A 
f = 1 kHz 

1.3 


1.8 

XI 

Drain-Source 

Capacitance 

^ds 

V DS = 24 V, V GS = 0 V 
f = 1 MHz 

30 



PF 

Input Capacitance 

C ISS 

V DS = 24 V 

V GS = 0 V 

f = 1 MHz 

38 



Output Capacitance 4 

Coss 

28 



Reverse Transfer 
Capacitance 

Crss 

8 



SWITCHING 

Turn-On Time 

*ON 

V DD = 25 V, R l = 23 11 
l D = 1 A, V GEN = 10 V, R g = 25I1 

(Switching time is essentially independent 
of operating temperature) 

8 


10 

ns 

Turn-Off Time 

IL 

U. 

o 



10 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW=80.us, duty cycle £ 1 %. 

4. This parameter not registered with JEDEC. 
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2N6660 


N-Channel Enhancement-Mode MOS Transistor 



PRODUCT SUMMARY 


V (BR)DSS 

(V) 

**DS(ON) 

(a) 

1 D 

(A) 

PACKAGE 

60 

3 

1.1 

TO-205AD 


Performance Curves: VNDQ06 (See Section 7) 


TO-205AD (TO-39) 


BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N6660 

UNITS 

Drain-Source Voltage 

Vds 

60 

V 

Gate-Source Voltage 

Vgs 

±20 

Continuous Drain Current 

T c = 25°C 

Id 

1.1 

A 

T C = 100°C 

0.8 

Pulsed Drain Current 1 

Idm 

3 

Power Dissipation 

T c = 25°C 

Pd 

6.25 

W 

T C = 100°C 

2.5 

Operating Junction Temperature 2 

Tj 

-55 to 150 

■ 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N6660 

UNITS 

Junction-to-Ambient 2 

P thJA 

170 

°c/w 

Junction-to-Case 

RthJC 

20 


1 Pulse width limited by maximum junction temperature 
2 This parameter not registered with JEDEC 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 

Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 


On-State Drain 
Current 3 


Drain-Source 

On-Resistance 3 


Drain-Source 

On-Voltage 3 


Forward 

Transconductance 


Common Source 
Output Conductance 3 - 4 


DYNAMIC 


Small Signal Drain- 
Source On-Resistance 


Drain-Source 

Capacitance 


Input Capacitance 


Output Capacitance 4 

Reverse Transfer 
Capacitance 


SWITCHING 


Turn-On Time 

Turn-Off Time 


2N6660 




warn 



TEST CONDITIONS 


V GS = 0 V, l D = 10 jiA 



LIMITS 


2N6660 

MIN MAX UNIT 


Vqs » Id =1mA 



v DS = 0 V 
Vqs = ±15 V 


V DS = 10 V, V GS = 10 V 
4 V G S = 5 V, l D = 0.3 a" 
V GS = 10 V 

I D = 1 A 4y c _ 

4 V GS = 5 V, l D = 0.3 A 
V GS = 10V 

I D - 1 A _ 

V DS = 10 V, l D = 0.5 A 
V DS = 10 V, l D = 0.1 A 


V GS = 10 V, l D = 1 
f = 1 kHz 

I A 

V DS = 24 V, V GS = 

0 V 

f = 1 MHz 


V DS = 24 V 


V GS = 0 V 


f = 1 MHz 






50 


40 


10 


V DD = 25 V, R L = 23 XI 
l D = 1 A, V GEN = 10 V, R G = 25X1 

(Switching time is essentially independent 
of operating temperature) 




NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 ;is , duty cycle ^ 1 % . 

4. This parameter not registered with JEDEC. 
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2N6660 JANTX, JANTXV mSgH 

N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

*"DS(ON) 

(n) 

Id 

(A) 

PACKAGE 

60 

3 

0.99 

TO-205AD 


Performance Curves: VNMA06 (See Section 7) 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N6660 

UNITS 

Drain-Source Voltage 

Vds 

60 

\/ 

Gate-Source Voltage 


±20 

V 

Continuous Drain Current 

T c = 25°C 

1 

0.99 


T c = 100°C 

1 D 

0.62 

A 

Pulsed Drain Current 1 

• dm 

3 


Power Dissipation 

T c = 25°C 

Pd 

6.25 

W 

T a = 25°C 

0.725 

Operating Junction Temperature 

T) 

-65 to 150 

■■ 

Storage Temperature 

T stg 

-65 to 1 75 


Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

■■ 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N6660 

UNITS 

Junction-to-Ambient 

P thJA 

170 

°c/w 

Junction-to-Case 

RthJC 

20 


1 Pulse width limited by maximum junction temperature 
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CTSiconix 

rtMJsw incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 


2N6660 JANTX, JANTXV 


Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 


On-State Drain 
Current 3 - 4 


Drain-Source 
On-Resistance 3 - 5 


Drain-Source 

On-Voltage 3 


Forward 

Transconductance 


Common Source 
Output Conductance 3 - 4 


DYNAMIC 


Input Capacitance 


Output Capacitance 

Reverse Transfer 
Capacitance 


SWITCHING 


Turn-On Time 
Turn-Off Time 





2N6660 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN MAX 







V GS = 0 V, l D = IOjiA 


V DS = V GS 
l D = 1 mA 


V DS = 0 V 
V GS = +20 V 


T c = -55° C 
T n = 125° C 


GS = I 4U v T c = 125° C 


V DS = 48 V 

0 V 

V DS = 48 V, T c = 125° C 

V DS = 7.5 V, V GS = 10 V 

V GS = 5 V, l D = 0.3 A 


V GS = 10 V 
In = 1 A 


T c = 125° C 


V GS = 5 V, I D = 0.3 A 


V GS = 10 V 

I n = 1 A 


T c = 125° C 


V DS = 7.5 V, l D = 0.525 A 
V DS =7.5 V, I D = 0.1 A 


V DS = 25 V 
V GS = 0 V 
f = 1 MHz 


V DD = 25 V, R |_ = 23 XI 
l D = 1 A. V GEN = 10 V 
R G = 50X1 

(Switching time is essentially independent of 
operating temperature) 






50 


40 




SOURCE-DRAIN DIODE RATINGS & CHARACTERISTICS 


PARAMETER 


Forward Voltage 


SYMBOL 


Vs n 


TEST CONDITIONS 


l s = 0.99 A 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 jjls , duty cycle < 1 % . 

4. This parameter not registered with MIL-S-19500/547A. 

5. Not a measured value r DS(0 N) =V D s(ON)/Id- 



LIMITS 


2N6660 

MIN MAX UNIT 


0.7 1.6 
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2N6661 



N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

r DS(ON) 

(n) 

Id 

(A) 

PACKAGE 

90 

4 

0.9 

TO-205AD 


Performance Curves: VNDQ09 (See Section 7) 


TO-205AD (TO-39) 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN & 



CASE 


ABSOLUTE MAXIMUM RATINGS (T c = 25 °C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N6661 

UNITS 

Drain-Source Voltage 

Vds 

90 

V 

Gate-Source Voltage 

VgS 

+ 20 

Continuous Drain Current 

T c = 25°C 

Id 

0.9 

A 

T c = 100°C 

0.7 

Pulsed Drain Current 1 

Idm 

3 

Power Dissipation 

T c = 25°C 

Pd 

6.25 

W 

T c = 100°C 

2.5 

Operating Junction Temperature 2 

Tj 

-55 to 150 

■ 

Storage Temperature 

Tstg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N6661 

UNITS 

Junction-to-Ambient 2 

P thJA 

170 

• °c/w 

Junction-to-Case 

RthJC 

20 


1 Pulse width limited by maximum junction temperature 
2 This parameter not registered with JEDEC 
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iliconix 

incorporated 


2N6661 



6 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 jis , duty cycle ^ 1 % . 

4. This parameter not registered with JEDEC. 
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2N6661 JANTX, JANTXV .BSS& 

N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

fDS(ON) 

(O) 

Id 

(A) 

PACKAGE 

90 

4 

0.86 

TO-205AD 


Performance Curves: VNMA09 (See Section 7) 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N6661 

UNITS 

Drain-Source Voltage 

Vds 

90 

V 

Gate-Source Voltage 

Vgs 

+ 20 

Continuous Drain Current 

T c = 25°C 

Id 

0.86 

A 

T c = 100°C 

0.54 

Pulsed Drain Current 1 

Idm 

3 

Power Dissipation 

T c = 25°C 

Pd 

6.25 

W 

T a = 25°C 

0.725 

Operating Junction Temperature 

t j 

-65 to 150 

■ 

Storage Temperature 

T stg 

-65 to 1 75 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N6661 

UNITS 

Junction-to-Ambient 

P thJA 

170 

°c/w 

Junction-to-Case 

RthJC 

20 


1 Pulse width limited by maximum junction temperature 
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'Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 


2N6661 JANTX, JANTXV 


PARAMETER 

SYMBOL 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Gate Threshold 

Voltage 

V GS(th) 

Gate-Body Leakage 

■gss 

Zero Gate Voltage 

Drain Current 

■dss 

On-State Drain 

Current 3 > 4 

Id(ON) 

Drain-Source 
On-Resistance 3 . 5 

r DS(ON) 

Drain-Source 

On-Voltage 3 

V DS(ON) 

Forward „ 

T ransconductance J 

9fs 

Common Source 

Output Conductance 3 ' 4 

9os 

DYNAMIC 

Input Capacitance 

C|ss 

Output Capacitance 

C 0 ss 

Reverse Transfer 
Capacitance 

^rss 


SWITCHING 


Turn-On Time 


Turn-Off Time 



TEST CONDITIONS 


V GS 

0 V, l D = 

10 JJLA 




V DS = V 

f GS 

T c = -55° C 



T c = 125°C 

V DS = 0 V 


V gs =+20V 

T c = 125° C 



V DS = 72 V 

> 

D 

1 

CO 

o 

> 

V ds = 72 V, T c = 125° C 

ii 

CO 

Q 

> 

1 0 V, V G c 

= 10 V 

1 V GS 

= 5 V, l D 

= 0.3 A 



V DS = 7.5 V, l D = 0.475 A 


V DS =7.5 V, l D = 0.1 A 


V DS = 25 V 
V GS = 0 V 
f = 1 MHz 



V DD = 25 V, R L = 23X1 
l D = 1 A, V GEN = 10 V 8-5 

Rq = 50 XI “ 

(Switching time is essentially independent of g 6 
operating temperature) 


LIMITS 


2N6661 

MIN MAX UNIT 





SOURCE-DRAIN DIODE RATINGS & CHARACTERISTICS 


PARAMETER 


Forward Voltage 


SYMBOL 


V SD 


TEST CONDITIONS 


s = 0.86 A 


NOTES: 1. T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 iis , duty cycle £ 1 % . 

4. This parameter not registered with MIL-S-19500/547A. 

5. Not a measured value r DS(ON) = V DS(ON )/Id- 



LIMITS 


2N6661 

TYP 2 

MIN 

MAX 

0.9 

0.7 

1.4 
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2N7000 

N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

rDS(ON) 

(ft) 

(A) 

PACKAGE 

60 

5 

0.2 

TO-92 


fCTSiliconix 

JLM incorporated 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDS06 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N7000 

UNITS 

Drain-Source Voltage 

Vds 

60 

V 

Gate-Source Voltage 

V GS 

±40 

Continuous Drain Current 

T c = 25°C 

>d 

±0.2 

A 

T c = 100°C 

0.13 

Pulsed Drain Current 1 

Idm 

0.5 

Pulsed Power Dissipation 2 


3.1 

W 

Power Dissipation 

T c = 25°C 

Pd 

0.4 

T c = 100°C 

0.16 

Operating Junction Temperature 

T| 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N7000 

UNITS 

Junction-to-Ambient 

P thJA 

312.5 

°c/w 

Junction-to-Case 

RthJC 

40 


1 Pulse width limited by maximum junction temperature 
2 One second single, power pulse 
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'Siliconix 

1 incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 

Gate Threshold 
Voltage 

Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 


On-State Drain 
Current 3 


Drain-Source 

On-Resistance 3 


Drain-Source 

On-Voltage 3 


Forward 

Transconductance 

Common Source 
Output Conductance 3 - 4 


DYNAMIC 


Input Capacitance 
Output Capacitance 


Reverse Transfer 
Capacitance 


SWITCHING 


Turn-On Time 
Turn-Off Time 


2N7000 





TEST CONDITIONS 


V GS = 0 V, l D = 10jlA 
V DS = V G s . Id = 1 m A 

V DS = 0 v 

V GR =+15 V 4 t^. — i 


V GS = 0 V 


GS v | « Tc= 125 o C 

V DS = 48 V 

0 V 

V DS = 48 V, T c = 1 25° C 


V DS = 10 V, V GS = 4.5 V 
4v gs = 4.5 V, l D = 75 mA 


T c = 1 25° C 


*V GS = 4.5 V, l D = 75 mA 


v GS = iov 

l D = 0.5 A 


4 T C = 125° C 



V DS = 10 V, 1 D = 0.2 A 
f = 1 kHz 

V n q = 5 V, I D = 50 mA 


V DS = 25 V 
V GS = 0 V 
f = 1 MHz 


V DD = 15 V, R L = 25 n 
l D = 0.5 A, V GEN = 10 V 
Rq= 25 TL 

(Switching time is essentially independent of 
operating temperature) 



LIMITS 


2N7000 

MIN MAX UNIT 




60 


25 


5 




NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £3%. 

4. This parameter not registered with JEDEC. 
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2N7001 


CTSiGconix 

JLM incorporated 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

rDS(ON) 

(fl) 

Id 

(A) 

PACKAGE 

240 

45 

0.045 

SOT-23 


Performance Curves: VNDN24 (See Section 7) 


SOT-23 


TOP VIEW 



3d 


a 2 
n i 


1 GATE 

2 SOURCE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N7001 

UNITS 

Drain-Source Voltage 

VdS 

240 

V 

Gate-Source Voltage 

Vgs 

±40 

Continuous Drain Current 

T c = 25° C 

>d 

0.045 

A 

T c = 100°C 

0.029 

Pulsed Drain Current 1 

Idm 

0.21 

Power Dissipation 

T c = 25°C 

Pd 

200 

mW 

T C = 100°C 

80 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N7001 

UNITS 

Junction-to-Ambient 

P thJA 

625 

°c/w 


1 Pulse width limited by maximum junction temperature 
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._iliconix 

incorporated 


2N7001 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N7001 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V G s = 0 V, 1 D = 100 MA 

270 

240 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yq3 , Id = 0.25 mA 

1.85 

1 

2.5 

Gate-Body Leakage 

!gss 

V DS = 0 V 


±1 


±10 

nA 

V GS = +20 V 


±5 



Zero Gate Voltage 

Drain Current 

■dss 

V GS = 0 V 

V DS = 120 V 

0.001 


0.1 

MA 

V DS = 120 V, T c = 125° C 

0.5 


1 

On-State Drain 

Current 3 

•d(ON) 

V DS = 10 V, V GS = 10 V 

750 

100 


mA 

Drain-Source 

On-Resistance 3 

B 

V GS = 10 V, l D = 50 mA 

35 


85 

a 

4 V GS = 4.5 V 


40 


45 

1 D = 20 mA 

T c = 125° C 

80 


85 

Drain-Source 

On-Voltage 3 

g 

j V GS = 10 V, l D = 50 mA 

1.75 


2.25 

V 

4 V gs = 4.5 V 


0.8 


0.9 

f D = 20 mA 

T c = 125° C 

1.6 


1.7 

Forward - 

T ransconductance 

9FS 

V DS = 10 V, l D = 50 mA 

80 

30 


mS 

Common Source 

Output Conductance 3 ' 4 

9os 

10 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

v GS = 0 V 

f = 1 MHz 




PF 

Output Capacitance 

^oss 

4 


15 

Reverse Transfer 
Capacitance 

Crss 

1 


10 

SWITCHING 

Turn-On Time 

t0N 

V DD = 60 V, R L = 1.2 k a 
l D = 50 mA, V GEN = 10 V 

R G = 25X1 

(Switching time is essentially independent of 
operating temperature) 

a 


30 

ns 

Turn-Off Time 

t OFF 

m 


20 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 ms , duty cycle < 1 % . 

4. This parameter not registered with JEDEC. 
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2N7002 


CfSiliconix 

JL4P incorporated 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


SOT-23 


TOP VIEW 


V(BR)DSS 

(V) 

f DS(ON) 
(A) 

• d 
(A) 

PACKAGE 

60 

7.5 

0.115 

SOT-23 



2 d 


3 3 

H 1 


1 GATE 

2 DRAIN 

3 SOURCE 


Performance Curves: VNDS06 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N7002 

UNITS 

Drain-Source Voltage 

Vds 

60 

V 

Gate-Source Voltage 

Vgs 

+40 

Continuous Drain Current 

T c = 25°C 

Id 

+ 0.115 

A 

T c = 100°C 

+ 0.073 

Pulsed Drain Current 1 

Idm 

0.8 

Power Dissipation 

T c = 25° C 

Pd 

200 

mW 

T c = 100°C 

80 

Operating Junction Temperature 

t ) 

-55 to 150 

°C 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N7002 

UNITS 

Junction-to-Ambient 

P thJA 

625 

°c/w 


1 Pulse width limited by maximum junction temperature 
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jnTSiliconix 2N7002 

jUr incorporated “■■■ w w 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

2N7002 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 


V GS = 0 V, 1 D = 10 MA 

D 

60 


V 

Gate Threshold 

Voltage 

mm 

V D s = Vqs, Iq = 0.25 mA 

m 

1 

2.5 

Gate-Body Leakage 

>GSS 

V DS = 0 V 
V gs =±20V 


± i 


+100 

nA 

T c = 125° C 

+ 5 



Zero Gate Voltage 

Drain Current 

*DSS 





1 

MA 



1 1 


500 

On-State Drain 

Current 3 

!d(ON) 

V DS “ 2 V DS(ON) * V GS - 10 V 




mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V 


5 


7.5 

XX 

1 D = 50 mA i 

T c = 125° C 

9 



V GS = 10 V 


2.5 


7.5 

l D = 0.5 A 

T c = 125° C 

4.4 



Drain-Source 

On-Voltage 3 

V DS(ON) 

Vqs = 5 V, 1 D = 50 mA 

0.25 



| 

v GS = io V 


1.25 


3.75 | 

1 D = 0.5 A 

4 T C = 125° C 

2.2 



Forward 

Transconductance J 

9fs 

V DS = 10 V, l D = 0.2 A 
f = 1 kHz 

170 




Common Source 

Output Conductance 3 - 4 

9os 

V D s = 5 V, J D = 50 mA 

500 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V G s = 0 V 
f = 1 MHz 

16 



PF 

Output Capacitance 

^oss 

11 


8 

Reverse Transfer 
Capacitance 

Crss 



a 

SWITCHING 

Turn-On Time 

t ON 

V DD = 30 V, R L = 150 n 

Id = 0.2 A, Vqen = 10 V 

Rq= 25 jfL 

(Switching time is essentially independent of 
operating temperature) 

n 


20 

ns 

Turn-Off Time 

* OFF 

D 


20 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 jis , duty cycle £ 1 % . 

4. This parameter not registered with JEDEC. 
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2N7007 

N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(br)dss 

(V) 

r DS(ON) 

(a) 

• d 
(A) 

PACKAGE 

240 

45 

0.065 

TO-92 


CT" Siliconi x 

JLM incorporated 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDN24 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N7007 

UNITS 

Drain-Source Voltage 

Vds 

240 

V 

Gate-Source Voltage 

v G s 

±40 

Continuous Drain Current 

T c = 25° C 


0.065 

A 

T c = 100°C 

0.041 

Pulsed Drain Current 1 

Idm 

0.260 

Power Dissipation 

T c = 25°C 

Pd 

0.4 

W 

T c = 100°C 

0.16 

Operating Junction Temperature 

T i 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N7007 

UNITS 

Junction-to-Ambient 

P thJA 

312.5 

°c/w 


1 Pulse width limited by maximum junction temperature 
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'Siliconix 

1 incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 


Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 


On-State Drain 
Current 3 


Drain-Source 

On-Resistance 3 


Drain-Source 

On-Voltage 3 


Transconductance 


Common Source 
Output Conductance 3 - 4 


DYNAMIC 





TEST CONDITIONS 


V G s = 0 V, I D = 100 MA 
Yds = V GS , l D = 0.25 mA 


V DS = 0 V 
V GS =±20 V 


T c = 125° C 


V DS = 20 V 


V DS = 120 V 

V DS = 120 V, T c = 125° C 

Vgs = 4.5 V 

V GS = 10 V 


V GS = 4.5 V 
I D = 20 mA 

V GS = 10 V 
In = 50 mA 


T n = 125° C 


T c = 125°C 


Vgs = 4. 

V GS = 10 V 
In = 50 mA 


4.5 V, In = 20 mA 


4 T C = 125°C 


Input Capacitance 

c iss 

Output Capacitance 

C 0 ss 

Reverse Transfer 
Capacitance 

^rss 

SWITCHING 

Turn-On Time 

*ON 

Turn-Off Time 

* OFF 


V DS = 10 V, l D = 50 mA 
f = 1 kHz 

V DS = 1 0 V, I D = 50 mA 


V DS = 25 V 
V GS = 0 V 
f = 1 MHz 


V DD = 60 V, R L = 1.2 kXL 
l D = 50 mA, V GEN = 10 V 

Rq = 25 A | 

(Switching time is essentially independent of! 18 
operating temperature) I 


2N7007 



LIMITS 


2N7007 

MIN MAX UNIT 





o 

CD 


2.25 


4.25 

30 






30 


15 


10 





NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 ;xs , duty cycle 2S 1 % . 

4. This parameter not registered with JEDEC. 
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2N7008 


CT'Siliconix 

^Jr incorporated 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 10 92 bottom view 


1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDS06 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

2N7008 

UNITS 

Drain-Source Voltage 

Vds 

60 

V 

Gate-Source Voltage 

VgS 

+40 

Continuous Drain Current 

T c = 25°C 

'd 

0.15 

A 

T c = 100°C 

0.1 

Pulsed Drain Current 1 

Idm 

1 

Power Dissipation 

T c = 25°C 

Pd 

400 

mW 

T c = 100°C 

160 

Operating Junction Temperature 

Tj 

-55 to 150 

°C 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 



V(BR)DSS 

(V) 

rDS(ON) 

(H) 

1 D 

(A) 

PACKAGE 

60 

7.5 

0.15 

TO-92 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

2N7008 

UNITS 

Junction-to-Ambient 

P thJA 

312.5 

°c/w 


1 Pulse width limited by maximum junction temperature 
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"Siliconix 

1 incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 



TEST CONDITIONS 


2N7008 



Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 

Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 


On-State Drain 
Current 3 


Drain-Source 

On-Resistance 3 


Drain-Source 

On-Voltage 3 


Forward 3 

T ransconductance 


Common Source 
Output Conductance 3 - 4 




V GS = 0 V. I D = 10 jiA 


Vqs = Vqs» * D ~ 


V DS = 0 V 
V G S = ±30 V 


4 T c = 125° C 


V DS = 50 V 

= 0 V 

V DS = 50 V, T c = 125° C 

V DS - 2 V DS(ON) . V GS = 10 V 


V GS = 5 V 
I D = 50 mA 

V GS = 10 V 
In = 0.5 A 


T c = 125° C 


T c = 125°C 


V G s = 5 V, I n = 50 mA 


V GS = 10 V 
In = 0.5 A 


4 T C = 125°C 


: 10 V, l D = 0.2 A 
f = 1 kHz 


Vns = 5 V, I n = 50 mA 



DYNAMIC 


Input Capacitance 


Output Capacitance 


Reverse Transfer 
Capacitance 


SWITCHING 



Turn-On Time 


Turn-Off Time 



V DD = 30 V, R l = 150 £l 
Id = 0.2 A , V G en = 1 0 V 
R G = 25X1 

(Switching time Is essentially independent of 
operating temperature) 



NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 iis , duty cycle < 1 % . 

4. This parameter not registered with JEDEC. 
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3N163 SERIES 

P-Channel Enhancement-Mode MOS Transistors 



PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

fDS(ON) 

(ft) 

Id 

(mA) 

PACKAGE 

3N163 

-40 

250 

-50 

TO-72 

3N164 

-30 

300 

-50 

TO-72 


Performance Curves: MRA (See Section 7) 


TO-72 BOTTOM VIEW 


1 DRAIN 

2 GATE 

3 SUBSTRATE, CASE 

4 SOURCE 




ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

3N163 

3N164 

UNITS 

Drain-Source Voltage 

VdS 

-40 

-30 

V 

Gate-Source Voltage 

Vgs 

±40 

±30 

Transient Gate-Source Voltage 


±125 

±125 

Continuous Drain Current 

Id 

-50 

-50 

mA 

Power Dissipation 

Pd 

375 

375 

mW 

Power Derating 


3 

3 

Operating Junction 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-65 to 200 

Lead Temperature 

(1/16" from case for 10 seconds) 

t l 

300 
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is&sfis 3N163 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






3N163 

3N164 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 
Breakdown Voltage 


V GS = 0 V, 1 

D = -10 jiA 

-70 

-40 


-30 



Source-Drain 
Breakdown Voltage 


V G d=V BD =0 V, 1 s = -1 0 JJ.A 

-70 



-30 


V 

Gate Threshold 

Voltage 

V GS(th) 

V GS = V DS< 1 

D = -10 JiA 

m 

n 


m 

B 


Gate-Source 

Voltage 

V GS 

V DS = -15 V, 

l D = -0.5 mA 


n 

B 


1 




V DS = o V 


<-i 


-10 




Gate-Body Leakage 

•gss 

V GS = -40 V 

T A = 125° C 

-i 


-25 




v DS = 0 V 


<-i 




-10 

PA 



V GS = -30 V 

T a = 125° C 

-i 




-25 


Zero Gate Voltage 
Drain Current 


V DS = -15 V 


-8 


-200 


-400 


■dss 

V GS = 0 V 

T a = 125° C 

-20 





ua 

Zero-Gate Voltage 


V SD = -20 V 


-10 


-400 


-800 

E9 

Source Current 

' SDS 

V G d=Vdb=0V 

T a = 125° C 

-25 





EQI 

On-State Drain 

Current 3 

Id(on) 

V DS = -15 V, V GS = -10 V 

-10 

-5 


B 

-30 

mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -20 V 


180 


250 


300 

a 

| D = -100 JiA 

T a = 125° C 

270 





DYNAIVUC 

Forward 

T ransconductance 


V DS = -15 V, 
f = 1 

1 D = -10 mA 
kHz 

B 


D 

B 

B 

mS 

Common Source 
Output Conductance 3 

9os 

150 




250 

JiS 

Input Capacitance 

C iss 



2.4 


2.5 

B 



Output Capacitance 

C oss 

V DS = -15 V, 1 D = -10 mA 
f = 1 MHz 

B 


3 

B 

1 

PF 

Reverse Transfer 
Capacitance 

^rss 





0.7 

B 

0.7 


SWITCHING 

Turn-On Time 


V DD = -15 V, 1 
In = -10 mA , 

R L = 1500 XL 

Vgpm= 12 V 

n 


12 


12 


t r 

R g = 50 XL 

(Switching time is essentially 
independent of operating 
temperature) 

13 


24 



ns 

Turn-Off Time 

^ OFF 

25 


50 


50 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300jxs , duty cycle £2%. 
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BS107 

N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

r DS(ON) 

(O) 

Id 

(A) 

PACKAGE 

200 

28 

0.12 

TO-92 


CT Silicon ix 

*AmW incorporated 


TO-92-18 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDQ20 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BS107 

UNITS 

Drain-Source Voltage 

VdS 

200 

V 

Gate-Source Voltage 

Vgs 

+25 

Continuous Drain Current (Ta= 25°C)' 

Id 

0.12 

A 

Power Dissipation (Ja = 25°C) 

Pd 

0.5 

W 

Operating Junction and Storage Temperature 

Tj. "^stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 


300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BS107 

UNITS 

Junction-to-Ambient 

P thJA 

250 

°c/w 
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BS107 


CTSiliconix 

JimM incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BS107 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = o V, l D = 100 ma 

225 

200 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs , Id = 1 m A 

1.45 

0.8 

3 

Gate-Body Leakage 

•gss 

V DS = 0 V, V GS = +15 V 

+ 1 


+ 10 

nA 

Drain Leakage Current 

Idsx 

V DS = 70 V, V GS = 0.2 V 



1 

AA 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 130 V, V GS = 0 V 

0.001 


30 

nA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.8 V, l D = 20 mA 

6 


28 

XI 

Forward 

Transconductance J 

9fs 

V DS = 10 V, 1 D = 0. 1 A 

180 



mS 

DYNAMIC 

Input Capacitance 

C ISS 

V DS = 20 V, V GS = 0 V 
f = 1 MHz 

35 



PF 

Output Capacitance 

C OSS 

9 



Reverse Transfer 
Capacitance 

C rss 

1 



SWITCHING 

Turn-On Time 

toN 

V DD = 25 V, R L = 125 XI 
l D = 0.2 A , V GEN = 10 V 

R G = 25X1 

(Switching time is essentially independent 
of operating temperature) 

5 



ns 

Turn-Off Time 

t OFF 

14 




NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 80 jis , duty cycle £ 1%. 














































BS170 



N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

r DS(ON) 

(O) 

Id 

(A) 

PACKAGE 

60 

5 

0.5 

TO-92 


TO-92-18 


BOTTOM VIEW 



1 DRAIN 

2 GATE 

3 SOURCE 



Performance Curves: VNDS06 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BS170 

UNITS 

Drain-Source Voltage 

VdS 

60 

V 

Gate-Source Voltage 

VgS 

±25 

Continuous Drain Current 

T a = 25°C 

Id 

0.5 

A 

t a = ioo°c 

0.175 

Power Dissipation (Ta= 25° C) 

Pd 

0.83 

W 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BS170 

UNITS 

Junction-to-Ambient 

P thJA 

156 

°c/w 
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BS170 


Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BS170 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 100 ma 

70 

60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs » Id = 1 m A 

2.3 

0.8 

3 

Gate-Body Leakage 

•gss 

V DS = 0 V, V GS = +15 V 

±1 


+ 10 


Zero Gate Voltage 

Drain Current 

•dss 

V DS = 25 V, V GS = 0 V 

0.02 


0.5 


Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 10 V , 1 D = 0.2 A 

2.5 


5 

D 

Forward 

T ransconductance 

9FS 

V DS = 10 V, l D = 0.2 A 

230 




DYNAMIC 

Input Capacitance 

C | SS 

V DS = 10 v, v GS = 0 V 
f = 1 MHz 

16 


60 

pF 

SWITCHING 

Turn-On Time 

t ON 

V DD = 25 V, R l = 125 XL 
l D = 0.2 A, V GEN = 10 V 

R G = 25 XL 

(Switching time is essentially independent 
of operating temperature) 

B 


10 

ns 

Turn-Off Time 

t OFF 

B 


10 



NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 jjls , duty cycle £ 1 % . 







































BS208 

P-Channel Enhancement-Mode MOS Transistor 



PRODUCT SUMMARY 


V(BR)DSS 

(V) 

rDS(ON) 

(n) 

Id 

(A) 

PACKAGE 

-200 

14 

-0.2 

TO-92 RM 


RM = Reverse Mold 


TO-92 


BOTTOM VIEW 



1 DRAIN 

2 GATE 

3 SOURCE 



Performance Curves: VPDV24 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BS208 

UNITS 

Drain-Source Voltage 

Vds 

-200 

V 

Gate-Source Voltage 

Vgs 

±20 

Continuous Drain Current 

• d 

-0.2 

A 

Pulsed Drain Current 1 

Idm 

-0.8 


Power Dissipation 

Pd 

0.83 

W 

Operating Junction and Storage Temperature 


-55 to 150 

a 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BS208 

UNITS 

Junction-to-Ambient 

P thJA 

156 

°c/w 


1 Pulse width limited by maximum junction temperature 
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iliconix 

incorporated 


BS208 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BS208 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = -100 UA 

-230 

-200 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs » Id = -1 m A 

-1.9 



Gate-Body Leakage 

■gss 

V DS = 0 V, V GS =+15 V 

± 1 


+ 10 

nA 

Zero Gate Voltage 

Drain Current 

•dss 

V DS =-130 V, V GS = 0 V 



-1 

UA 

•dsx 

V DS = -70 V, V GS = -0.2 V 

n 



On-State Drain 

Current 3 


V DS =-10 V, V GS = -4.5 V 

1 



mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -10 V, l D = -100 mA 

10 



a 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -20 V 

V GS = 0 V 

70 



PF 

Output Capacitance 

Cqss 

a 



Reverse Transfer 
Capacitance 

Crss 

f = 1 MHz 

a 



SWITCHING 

Turn-On Time 

td(ON) 

V DD = -25 V, R L = 125 SI 
l D = -200 mA, V GEN = -10 V 

R G = 25 ,0* 

6 



ns 

tr 

8 



Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of operating 

18 



tf 

temperature) 

17 




NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle ^2%. 
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BS250 


(TSiliconix 

JLJ§ incorporated 


P-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

rDS(ON) 

(fl) 

Id 

(A) 

PACKAGE 

-45 

14 

-0.18 

TO-92RM 


RM = Reverse Mold 


TO-92-18 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VPDS06 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BS250 

UNITS 

Drain-Source Voltage 

Vds 

-45 

V 

Gate-Source Voltage 

v G s 

+ 25 

Continuous Drain Current (Ta= 25°C) 

Id 

-0.18 

A 

Power Dissipation 

Pd 

0.83 

W 

Operating Junction and Storage Temperature 


-55 to 150 

n 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BS250 

UNITS 

Junction-to-Ambient 

P thJA 

150 

°c/w 
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BS250 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BS250 

UNIT 



STATIC 

Drain-Source 

Breakdown Voltage 


V GS = 0 V, l D = -100 MA 


-45 

Hi 

■ 

Gate Threshold 

Voltage 


Yds = Yqs . 1 □ = m A 

B 

-1 

HI 

Gate-Body Leakage 


V DS = 0V, V GS = +15 V 

+ 1 


Bl 


Zero Gate Voltage 

Drain Current 

•dss 

V DS = -25 V, V GS = 0 V 




Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -10 V, 1 D = -0.2 A 

B 


B 

XX 

Forward 

Transconductance 

9FS 

V DS =-10 V, 1 D = -0.2 A 

| 



mS 

DYNAMIC 

Input Capacitance 

C iss 

v DS = -iov, v GS = ov 

f = 1 MHz 

15 



3 

SWITCHING 

Turn-On Time 

*ON 

l D = -0.2 A 



10 

ns 

Turn-Off Time 

t OFF 

8 


10 


SOURCE-DRAIN DIODE RATINGS & CHARACTERISTICS 1 

LIMITS . 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BS250 

UNIT 



Continuous Current 

Is 





n 

Forward Voltage 3 

V SD 

l F =l s = -0.18 V, V GS = 0 V 

0.85 



V 


NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle ^2%. 
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BSS89 


fTSiliconix 

JLM sncnrpDratEd 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


TO-92-18 BOTTOM VIEW 


V(BR)DSS 

(V) 

rDS(ON) 

(fl) 

Id 

(A) 

PACKAGE 

200 

6 

0.3 

TO-92 CD 


CD = Center Drain 



1 GATE 

2 DRAIN 

3 SOURCE 



Performance Curves: VNDB24 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BSS89 

UNITS 

Drain-Source Voltage 

Vds 

200 

V 

Gate-Source Voltage 

Vgs 

+20 

Continuous Drain Current 

T a = 25°C 

Id 

0.3 

A 

Pulsed Drain Current 1 

• dm 

1.2 

Power Dissipation 

T a = 25°C 

Pd 

1 

W 

Operating Junction and Storage Temperature 

Tj. T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BSS89 

UNITS 

Junction-to-Ambient 

P thJA 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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'Siliconix 

1 incorporated 


ELECTRICAL CHARACTERISTICS 1 


Zero Gate Voltage 
Drain Current 


Drain-Source 

On-Resistance 


Forward 

T ransconductance 


DYNAMIC 


SWITCHING 


Turn-On Time 


Turn-Off Time 



PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 

Gate Threshold Voltage v GS(th) 


Gate-Body Leakage 



Input Capacitance 

C iss 

Output Capacitance 

Cos 

s 

Reverse Transfer 
Capacitance 

C rs 

s 



TEST CONDITIONS 


Vqs = 0 V, I D = 250 JJ.A 

Vds = Vqs. Id = 1 m A 
V DS = 0 V, V GS = 20 V 


V DS = 200 V 
V GS = 0 V 


T. = 125°C 


V DS = 60 V, V GS = 0 V 
V GS = 10 V, I D = 0.4 A 
V DS = 25 V, l D = 0.4 A 


V DS = 25 V 
V GS = 0 V 
f = 1 MHz 


V DD = 30 V, R L = ioon 
l D = 0.28 A, V GEN = 10 V 
R q = 25 XL 

t d ( 0 FF) I (Switching time is essentially independent of 
I operating temperature) 


BSS89 




200 


0.8 

2.8 


100 






SOURCE-DRAIN DIODE RATINGS & CHARACTERISTICS 1 


PARAMETER 


Forward Voltage 3 


SYMBOL 


V SD 


TEST CONDITIONS 


s = -0.6 A , V GS = 0 V 



NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £2%. 
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BSS92 


fOTSiliconix 

JLM incorporated 


P-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

>"DS(ON) 

(H) 

>d 

(A) 

PACKAGE 

-200 

20 

-0.15 

TO-92 CDRM 


CD = Center Drain, RM = Reverse Mold, TO-18 Lead 


TO-92-18 BOTTOM VIEW 



1 SOURCE 

2 DRAIN 

Form ® GATE 


Performance Curves: VPDQ20 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BSS92 

UNITS 

Drain-Source Voltage 

Vds 

-200 

V 

Gate-Source Voltage 

Vgs 

+ 20 

Continuous Drain Current 

T a = 25°C 

Id 

-0.15 

A 

t a = ioo°c 


-0.09 

Pulsed Drain Current 1 

• dm 

-0.60 

Power Dissipation 

T a = 25°C 

Pd 

1.0 

W 

T a = 100°C 

0.40 

Operating Junction and Storage Temperature 

T J* T stg 

-55 to 150 

m 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BSS92 

UNITS 

Junction-to-Ambient 

P thJA 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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CT'Siliconix 

M m incorporated 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 


BSS92 


Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 


Drain-Source 

On-Resistance 3 


Forward « 

T ransconductance 


DYNAMIC 


SWITCHING 


Turn-On Time 


Turn-Off Time 




Input Capacitance 

C iss 

Output Capacitance 

C 0 ss 

Reverse Transfer • 
Capacitance 

mm 



TEST CONDITIONS 


V G s = o V, l D = -250 jjlA 
Vqs = Vqs . I D = 

V DS = 0 V, V GS = -20 V 

V DS = -60 V, V G s--0V 

V DS = -200 V 
VfiS = o V I T . = 


VQS = UV | Tj = 125°C 
V GS = -10 V, l D = -100 mA 

V DS = -25 V, l D = -100 mA 


V DS = -25 V 
V GS = 0 V 
f = 1 MHz 


V DD = -30 V, R l = 120 n 
l D = -0.25 A, V GEN = -10 V 
R g = 25 XL 

(Switching time Is essentially 
independent of operating 
temperature) 



LIMITS 


BSS92 

MIN MAX UNIT 





SOURCE-DRAIN DIODE RATINGS & CHARACTERISTICS 1 


PARAMETER 


Forward Voltage 3 


SYMBOL 


V SD 


TEST CONDITIONS 


= -0.3 A. V GS = 0 V 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 
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BSS129 

N-Channel Depletion-Mode MOS Transistor 


CT'Siliconix 

JLJw incorporated 


PRODUCT SUMMARY 


TO-92-18 


BOTTOM VIEW 


V(BR)DSV 

(V) 

l'DS(ON) 

(ft) 

Id 

(A) 

PACKAGE 

230 

20 

0.15 

TO-92 CDRM 


CD = Center Drain, RM = Reverse Mold 



1 GATE 

2 DRAIN 

3 SOURCE 



Performance Curves: VDDV24 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

BSS129 

UNITS 

Drain-Source Voltage 

VdS 

230 

V 

Gate-Source Voltage 

v G s 

+20 

Continuous Drain Current Ta= 35°C 

Id 

0.15 

A 

Pulsed Drain Current 1 

Idm 

0.60 

Power Dissipation 

Pd 

1 

W 

Operating Junction and Storage Temperature 

Tj. T s tg 

-55 to 150 

m 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

BSS129 

UNITS 

Junction-to-Ambient 

P thJA 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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BSS129 


CTSiSconix 

JLM incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

BSS129 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSV 

Vqs = -3 V, l D = 250 mA 

260 

230 


V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 3 V, l D = 1 mA 

-2.3 



Gate-Body Leakage 

•gss 

V DS = 0 V, V GS = 20 V 

± 1 



nA 

Drain Cutoff Current 

'd(OFF) 

Vn« = 230 V 

0.04 


0.1 

MA 

V GS = -3 V | Tj = 125° C 

7.5 


200 

Drain-Source 

On-Resistance 

r DS(ON) 

V GS = 0 V, l D = 14 mA 

B 


20 

a 

Forward 

T ransconductance 

9fs 

V DS = 25 V, l D = 250 mA 

175 

140 


mS 

DYNAMIC 

Input Capacitance 

C.ss 

V DS = 25 V 

V GS = -5 V 

m 



pF 

Output Capacitance 

Coss 

1 



Reverse Transfer 
Capacitance 

CfSS 

f = 1 MHz 

10 



SWITCHING 

Turn-On Time 

td(ON) 

V DD = 25 V, R L = 830,0, 

1 □ = 30 mA, Vqen = -5 V 

Rq = 25X1 

(Switching time is essentially independent of 
operating temperature) 

15 



ns 

t r 

75 



Turn-Off Time 


40 



tf 

100 




NOTES: 


T A = 25 °C unless otherwise noted. 

For design aid only, not subject to production testing. 
Pulse test; PW = 300 jis , duty cycle <2%. 
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MFE823 



P-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

gfs 

(mS) 

Id 

(mA) 

PACKAGE 

MFE823 

-25 

1 

-30 

TO-18 


Performance Curves: MRA (See Section 7) 


TO-18 


BOTTOM VIEW 



1 DRAIN 

2 GATE 

3 SOURCE, 
CASE 



SUBSTRATE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

MFE823 

UNITS 

Drain-Source Voltage 


-25 

V 

Gate-Source Voltage 

ESI 

±10 

Continuous Drain Current 

T a = 25°C 

Id 

-30 

mA 

Power Dissipation 

T a = 25°C 

Pd 

375 

mW 

Power Derating 


3 

mW/°C 

Operating Junction 

Tj 

-55 to 150 

■ 

Storage Temperature 


-65 to 200 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 
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MFE823 


CX'Siliconix 

JLM incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 






MFE823 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, 

l D = -io.ua 

-70 

-25 


V 

Gate Threshold 

Voltage 


V DS = -10 V, l D = -10 JJlA 

-2.5 

-2 

-6 

Gate-Body Leakage 


V DS = 0 V 


<-1 


-1 

pA 

| 

V QS = -10 V 

T a = 125°C 

-1 



Zero Gate Voltage 


v DS = -10 V 


-0.01 


-20 

nA 

Drain Current 

Vqs = 0 V 

T a = 125°C 

-20 



On-State Drain 

Current 3 


V DS =-10V, Vqs = -10 V 

-10 

-3 


mA 

Drain-Source 

On-Resistance 3 


V GS = -20 V, 

l D = -100 SLA 

180 



a 

DYNAMIC 

Forward 

T ransconductance 


V D q = -10 V, l n = -2 mA 

1.5 

1 


mS 

Common Source 

Output Conductance 3 

9os 

f = 

1 kHz 

35 



iiS 

Input Capacitance 

c iss 

V DS = -10 V, V GS = -10 V 

2.4 


6 

PF 

Reverse Transfer 
Capacitance 


f = 

MHz 



1.5 


NOTES: 


1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 .us , duty cycle £2%. 
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ND2012 SERIES 


CZ~ Siliconix 

Xi incorporated 


N-Channel Depletion-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSV 

rDS(ON) 

• d 


NUMBER 

(V) 

(Cl) 

(A) 

PACKAGE 

ND2012L 

200 

12 

0.16 

TO-92 

ND2012E 

200 

12 

0.22 

TO-206AC 


Performance Curves: VDDQ20 (See Section 7) 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-206AC (TO-52) BOTTOM VIEW 




SOURCE 

GATE 

DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

ND2012L 

ND2012E 2 

UNITS 

Drain-Source Voltage 

Vds 

200 

200 

V 

Gate-Source Voltage 

Vgs 

+30 

+20 

Continuous Drain Current 

T a = 25° C 

Id 

0.16 

0.22 

A 

T a = ioo°c 

0.10 

0.14 

Pulsed Drain Current 1 

• dm 

0.8 

0.8 

Power Dissipation 

T a = 25°C 

Pd 

0.80 

1.5 

W 

T a = 100°C 

0.32 

0.60 

Operating Junction and Storage Temperature 

Tj» T st g 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

ND2012L 

ND2012E 

UNITS 

Junction-to-Ambient 

RthJA 

156 

400 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case for all temperature testing 
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mSSSS& ND2012 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






ND2012 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 



UNIT 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSV 

V GS = -8 V, l[ 

5 = 10 JiA 




1 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V DS = 5 V, 1, 

D = 10 JIA 

-3 


-4 


Gate-Body Leakage 

•gss 

V DS = 0 V 


±0.1 


+ 10 

nA 

V QS = +20 V 

Tj = 125° C 

±5 


+ 50 

Drain Cutoff Current 

■d(OFF) 

V DS = 1 60 V 

Vqs = -8 V j 


0.2 


1 

AA 

Tj = 125°C 

5 


200 

Drain Saturation 

Current 3 

•dss 

V DS = 10 V, Vq S = 0 V 

400 

30 


mA 



Vqs = 2 V, l t 

5 = 20 mA 

7 




Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 0 V 


8 


12 

XI 



l D = 20 mA i 

Tj = 125° C 

15 


30 


Forward 

T ransconductance 

9FS 

V DS = 7.5 V, 1 

D = 20 mA 

55 



mS 

Common Source Output 
Conductance 3 

90S 

75 



AS 

DYNAMIC 

Input Capacitance 

C ISS 



35 




Output Capacitance 

^oss 

V DS = V 

V GS = -5 V 

10 



PF 

Reverse Transfer 
Capacitance 

Crss 

f = 1 MHz 

2 


5 


SWITCHING 

Turn-On Time 


V DD = 25 V, R 

L = 1 250 XL 

20 




tr 

l D = 20 mA, V GEN = -5 V 

R G = 25 XL 

20 



ns 

Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of operating 

10 



tf 

temperature) 


10 





NOTES: 1. T A = 25 °C unless otherwise noted, T c = 25 °C for ND2012E. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300^ls , duty cycle £2%. 
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ND2020 SERIES 


CT'Siliconix 

JL9 incorporated 


N-Channel Depletion-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSV 

rDS(ON) 

• d 


NUMBER 

(V) 

(n) 

(A) 

PACKAGE 

ND2020L 

200 

20 

0.132 

TO-92 

ND2020E 

200 

20 

0.18 

TO-206AC 


Performance Curves: VDDQ20 (See Section 7) 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-206AC (TO-52) BOTTOM VIEW 




SOURCE 

GATE 

DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

ND2020L 

ND2020E 2 

UNITS 

Drain-Source Voltage 

VdS 

200 

200 

V 

Gate-Source Voltage 

Vgs 

±30 

±20 

Continuous Drain Current 

T A = 25°C 

Id 

0.132 

0.18 

A 

t a = ioo°c 

0.083 

0.11 

Pulsed Drain Current 1 

Idm 

0.8 

0.8 

Power Dissipation 

T a = 25°C 

Pd 

0.80 

1.5 


T a = 100°C 

0.32 

0.60 

Operating Junction and Storage Temperature 

T j» ”1" stg 

-55 to 150 

B 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

ND2020L 

ND2020E 

UNITS 

Junction-to-Ambient 

P thJA 

156 

400 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case for all temperature testing 
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_iliconix 

incorporated 


ND2020 SERIES 



6 


NOTES: 1. T a = 25 °C unless otherwise noted, T c = 25 °C for ND2020E. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 


6-43 

































































ND2406 SERIES 

N-Channel Depletion-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V (BR)DSV 

r DS(ON) 

1 D 


NUMBER 

(V) 

(ft) 

(A) 

PACKAGE 

ND2406L 

240 

6 

0.23 

TO-92 

ND2406B 

240 

6 

0.57 

TO-205AF 


Performance Curves: VDDV24 (See Section 7) 


CT'Siliconix 

JLmW incorporated 



3 DRAIN 


TO-205AF 


BOTTOM VIEW 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

ND2406L 

ND2406B 2 

UNITS 

Drain-Source Voltage 

Vds 

240 

240 

V 

Gate-Source Voltage 

Vgs 

+30 

+ 20 

Continuous Drain Current 

T a = 25°C 

• d 

0.23 

0.57 

A 

T a = ioo°c 

0.14 

0.36 

Pulsed Drain Current 1 

Idm 

0.90 

1 

Power Dissipation 

T A = 25°C 

Pd 

0.80 

5 

W 

T a = 100°C 

0.32 

2 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

o 

o 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

ND2406L 

ND2406B 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case for all temperature testing 
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ELECTRICAL CHARACTERISTICS 1 


PARAMETER 

SYMBOL 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSV 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

Gate-Body Leakage 

■gss 

Drain Cutoff Current 

!d(OFF) 

Drain Saturation 

Current 3 

•dss 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Forward 

Transconductance d 

9fs 

Common Source Output 
Conductance 3 

9os 


DYNAMIC 


Input Capacitance 

C iss 

Output Capacitance 

^oss 

Reverse Transfer 
Capacitance 

CfSS 

SWITCHING 

Turn-On Time 

tdfON) 

t r 


^ d(OFF) 


tf 


TEST CONDITIONS 


V gs = -9 V, l D = 10^LA 


V DS = 5 V, l D = 10MA 


ND2406L 

ND2406B 

UNIT 

| MIN 

MAX 

MIN 

MAX 


V gs =+ 20V I Tj = 125° C +5 


V DS = 180 V 

V GS = -9 V | Tj = 125°C 

v DS = 10 V, v GS = 0 V 

V GS = 2 V, l D = 30 mA 

Vqs = 0 V 

I D = 30 mA I Ti = 125° C 


V DS = 10 V, l D = 30 mA 


V DS = 25 V 
V GS = -5 V 
f = 1 MHz 


V DD = 25 V, R |_ = 830 
l D = 30 mA, V GEN = -5 V 
R G = 25 TL 

(Switching time is essentially 
independent of operating 
temperature) 


260 

240 


240 


-2.8 

-1.5 

-4.5 

-1.5 

-4.5 

±1 


+ 10 


+ 10 

±5 


+ 50 


+ 50 

0.04 


1 


1 

15 


200 


200 

640 

40 


40 


3 





3.5 


6 


6 

7 


15 


15 

110 





70 







120 


30 


15 




NOTES: 1. T A = 25 °C unless otherwise noted, T c = 25 °C for ND2406B. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300jis , duty cycle £2%. 
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ND2410 SERIES 


CZ'Siliconix 

incorporated 


N-Channel Depletion-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSV 

fDS(ON) 

Id 


NUMBER 

(V) 

(H) 

(A) 

PACKAGE 

ND2410L 

240 

10 

0.18 

TO-92 

ND2410B 

240 

10 

0.46 

TO-205AF 


Performance Curves: VDDV24 (See Section 7) 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-205AF BOTTOM VIEW 



3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

ND2410L 

ND2410B 2 

UNITS 

Drain-Source Voltage 

Vds 

240 

240 

V 

Gate-Source Voltage 

Vgs 

±30 

±20 

Continuous Drain Current 

T a = 25°C 

Id 

0.18 

0.46 

A 

t a = ioo°c 

0.12 

0.29 

Pulsed Drain Current 1 

• dm 

0.90 

1 

Power Dissipation 

T a = 25°C 

Pd 

0.80 

5 

W 

T A = 100°C 

0.32 

2 

Operating Junction and Storage Temperature 

Tj» T s tg 

-55 to 150 

O 

o 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

ND2410L 

ND2410B 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case for all temperature testing 
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ND2410 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


ND2410L | 

ND2410B 

UNIT 

TYP 2 

MIN 

MAX 

jPI 


STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSV 

V GS = -5 V, l D = 1 MA 

260 

240 




V 

Gate-Source 

Cutoff Voltage 

V GS(OFF) 

V ds = 5V, I d = 10 JJLA 

m 


BB 

-0.5 


Gate-Body Leakage 

■gss 

V DS = 0 V 


Bill 


mm 



nA 

V G s=±20V 

Tj = 125° C 

a 


+ 50 


+ 50 

Drain Cutoff Current 

'd(OFF) 

V DS = 180 V 

Vqs = -5 V i 


BliHI 


1 


1 

UA 

Tj = 125° C 

7.5 


200 



Drain Saturation 

Current 3 

1 DSS 

V DS = 10 V, V GS = 0 V , 

120 





mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Vqs = 2 V, l D = 30 mA 

4.5 





SI 

V GS = 0 V 


5 


10 



1 D = 30 mA 

Tj = 125° C 

10 




■9 

Forward q 

Transconductance d 

9fs 

V DS = 10 V, l D = 30 mA 

110 




■ 

mS 

Common Source Output 
Conductance 3 

90S 

70 





MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = -5 V 

f = 1 MHz 

70 


120 



PF 

Output Capacitance 

^oss 

20 


30 



Reverse Transfer 
Capacitance 

^rss 

10 

■ 

15 




SWITCHING 

Turn-On Time 

td(ON) 

V DD = 25 V, R L = 830^1 

1 D = 30 mA , Vq£|nj = -5 V 

Rq — 25 

(Switching time is essentially 
independent of operating 
temperature) 

15 

1 

m 




tr 

75 

m 

m 




Turn-Off Time 

tdlOFF) 

40 





ns 

tf 

! 

100 






NOTES: 1. T a = 25 °C unless otherwise noted, T c = 25 °C for ND2410B. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 .us , duty cycle £2%. 
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TP0610 SERIES 


CTSiliconix 

JSLJ& incorporated 


P-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

(a) 

Id 

(A) 

PACKAGE 

TP0610E 

-60 

10 

-0.25 

TO-206AC 

TP0610L 

-60 

10 

-0.18 

TO-92 

TP0610T 

-60 

10 

-0.12 

SOT-23 


Performance Curves: VPDS06 (See Section 7) 


SOT-23 TOP VIEW 



DRAIN [M 


H SOURCE 
U GATE 


TO-92 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN 


TO-206AC (TO-52) BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN & CASE 




ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

TP0610E 2 

TP0610L 

TP0610T 

UNITS 

Drain-Source Voltage 

Vds 

-60 

-60 

-60 

■ 

Gate-Source Voltage 


±20 

±30 


Continuous Drain Current 

T a = 25°C 

Id 

Ea 


-0.12 

■ 

T a = ioo°c 

KSM 

-0.11 

-0.07 

Pulsed Drain Current 1 


-1 

-0.8 

-0.4 

Power Dissipation 

T a = 25°C 

Pd 

1.5 

0.80 

0.36 


T a = 100°C 



0.14 

Operating Junction and Storage Temperature 

I 

-55 to 150 

1 

Lead Temperature 

(1/16” from case for 10 seconds) 

mm 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

TP0610E 

TP0610L 

TP0610T 

UNITS 

Junction-to-Ambient 

PthJA 

400 

156 

350 

°c/w 


^Pulse width limited by maximum junction temperature 
Reference Tc for all temperature testing 
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UlSSSSfe TP0610 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

TP0610E 

TP0610L 

UNIT 

MIN 

MAX 

MIN 

MAX 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = -lO^JLA 

-70 

-60 


-60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs- Id = — 1 rnA 

-1.7 

-1 

-2.4 

-1 

-2.4 

Gate-Body Leakage 

•gss 

V DS = 0 V 


± 1 


+ 10 


+ 10 

nA 

Y GS = + 20 V 

Tj = 125° C 

+ 5 


+ 50 


+ 50 

Zero Gate Voltage 
Drain Current 

•dss 

V DS = -48 V 
V GS = 0 V 


-0.02 


-1 


-1 

J1A 

Tj = 125°C 

-0.2 


-200 


-200 

On-State Drain 

Current 3 

•□(ON) 

V DS = -10V, V GS = -4.5 V 

-80 

-50 


-50 


mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Vqs = "4.5 V, 1 D = -25 mA 

11 


25 


25 

SI 

v GS = -io v 


8 


10 


10 

l D = -0.5 A 

Tj = 125° C 

15 


20 


20 

Forward 

Transconductance J 

9fs 

V DS = -10 V, l D = -0.5 A 

135 

80 


80 


mS 

Common Source 
Output Conductance 3 

9os 

V DS = -10 V, l D = -0.1 A 

400 





iiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -25 V 

Vqs = 0 V 
f = 1 MHz 

15 


60 


60 

PF 

Output Capacitance 

^oss 

10 


25 


25 

Reverse Transfer 
Capacitance 

Crss 

3 


5 


5 

SWITCHING 

Turn-On Time 

*d(ON) 

V DD = -25 V, R L = 133TL 

1 D = -0.18 A , V GEN = -10 V 

R G — 25 

(Switching time is essentially 
independent of operating 
temperature) 

6 


10 


10 

ns 

*r 

10 


15 


15 

Turn-Off Time 

t d(OFF) 

7 


15 


15 

tf 

8 


20 


20 


NOTES: 1. T a = 25 °C unless otherwise noted, T c = 25 °C for TP0610E. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 ;jis , duty cycle £2%. 



TP 0610 SERIES 


,_iliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






TP0610T 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, 1 

D = -lOj-iA 

-70 

-60 



Gate Threshold 

Voltage 

V GS(th) 

V DS = V GS • 

1 D = -1 mA 

-1.7 

-1 

-2.4 

V 

Gate-Body Leakage 

■gss 

V DS = 0 V 


± 1 


+ 10 

nA 

Vgs = + 20 V 

Tj = 125° C 

± 5 


+ 50 

Zero Gate Voltage 

■dss 

V DS = -48 V 


-0.02 


-1 

MA 

Drain Current 

V GS = 0 V 

Tj = 125°C 

-0.2 


-200 

On-State Drain 

Current 3 

■□(ON) 

V DS =-10 V, V GS = -4.5 V 

-80 

-50 





V GS = -4.5 V, 

1 D = -25 mA 

11 


25 

mm 

Drain-Source 

On-Resistance 3 

r DS(ON) 

v GS = -io V 


6 


10 




l D = -0.2 A 

Tj = 125° C 

12 


20 

1 

Forward _ 

T ransconductance 

9fs 


Id = “0.1 A 

90 

60 


m 

Common Source 
Output Conductance 3 

9os 

400 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V G s = 

-25 V 

15 


60 


Output Capacitance 

C 0 ss 

V GS = 

f = 1 

: 0 V 

MHz 

10 


25 

PF 

Reverse Transfer 
Capacitance 

Crss 

3 


5 


SWITCHING 

Turn-On Delay Time 

tdfON) 

V DD = -25 V, R l = 133X1 

6 


10 


tr 

l D = -0.18 A , V GEN = -10 V 

R G = 25 XI 

10 


15 

ns 

Turn-Off Delay Time 

td(OFF) 

(Switching time is essentially 
indeoendent of ODeratina 

7 


15 

tf 

temperature) 


CO 


20 



NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 ms , duty cycle £2%. 
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CTSSconix 

JLB incorporated 


VN40AFD 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

r DS(ON) 

(O) 

Id 

(A) 

PACKAGE 

40 

5 

1.14 

TO-220SD 


SD = Side Drain 

Performance Curves: VNDQ06 (See Section 7) 


TO-220SD 


TOP VIEW 



1 SOURCE 

2 GATE 

3 & TAB - DRAIN 



1 2 3 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN40AFD 

UNITS 

Drain-Source Voltage 

Vds 

40 

V 

Gate-Source Voltage 

Vgs 

±30 

Continuous Drain Current 

T c = 25°C 

>D 

1.14 

A 

T c = 100°C 

0.72 

Pulsed Drain Current 1 

Idm 

3 

Power Dissipation 

T c = 25°C 

Pd 

15 

W 

T c = 100°C 

6 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN40AFD 

UNITS 

Junction-to-Case 

RthJC 

8.3 

°c/w 


1 Pulse width limited by maximum junction temperature. 
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VN40AFD 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN40AFD 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 10 JlA 

70 

40 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vds = Vqsi Id = 1 m A 

1.5 



Gate-Body Leakage 

■gss 

V DS = 0 V, Vq S = + 1 5 V 

+ 1 


+ 100 

nA 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 40 V, V GS = 0 V 

0.05 


10 


V DS = 32 V, V GS = 0 V, T c = 125°C 

0.3 


500 

On-State Drain 

Current 3 

•□(ON) 

V DS = 15 V, V GS = 10 V 

1.8 

fl 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V, l D = 0.3 A 

1.8 


5 

XI 

v GS = 10 V 

1.3 


5 

l D = 1 A T c = 125°C 

2.6 


10 

Forward 

T ransconductance J 

9fs 

V DS = 10 V, l D = 0.5 A 

350 



mS 

Common Source 

Output Conductance 3 

9os 

V DS = 10 V, l D = 0.1 A 

1100 



iiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 
v GS = 0 V 

f = 1 MHz 

35 


50 

PF 

Output Capacitance 

Cqss 

25 


65 

Reverse Transfer 
Capacitance 

mm 

5 


10 

SWITCHING 

Turn-On Time 

*ON 

V DD = 25 V, R l = 23X1 
l D = 1 A, V GEN = 10 V 

8 


15 

ns 

Turn-Off Time 

*OFF 

R G = 25 XI 

(Switching time is essentially independent 
of operating temperature) 

9.5 


15 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 
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CT'Siliconix 

JLM incorporated 


VN46AFD 




N-Channel Enhancement-Mode MOS Transistor 


TO-220SD 


TOP VIEW 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

f DS(ON) 
(H) 

>d 

(A) 

PACKAGE 

40 

3 

1.46 

TO-220SD 


Performance Curves: VNDQ06 (See Section 7) 



1 SOURCE 

2 GATE 

3 & TAB - DRAIN 



1 2 3 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN46AFD 

UNITS 

Drain-Source Voltage 

Vds 

40 

V 

Gate-Source Voltage 

v G s 

+ 30 

Continuous Drain Current 

T c = 25°C 

Id 

1.46 

A 

T c = 1 00°C 

0.92 

Pulsed Drain Current 1 

Idm 

3 

Power Dissipation 

T c = 25°C 

Pd 

15 

W 

T c = 100°C 

6 

Operating Junction and Storage Temperature 

Tjt T s tg 

-55 to 150 

D 

Lead Temperature 

(1/16” from case for 10 seconds) 


300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN46AFD 

UNITS 

Junction-to-Case 

RthJC 

8.3 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN46AFD 





ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN46AFD 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

v GS = ov, I d = 10MA 

70 

40 


| 

Gate Threshold 

Voltage 

v GS(th) 

Yds = Vqs, Id = 1 m A 

1.5 

0.8 

BH 

Gate-Body Leakage 

•gss 

V DS = 0 V, V GS =+15 V 

+ 1 




Zero Gate Voltage 

Drain Current 

•dss 

V DS = 40 V, Vqs = 0 V 

0.05 


10 1 

1 

V DS = 32 V, V GS = 0 V, T g = 125° C 

0.3 



On-State Drain 

Current 3 

Id(on) 

V DS = 10 V, V GS = 10 V 

1.8 

1 


D 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V, l D = 0.3 A 

1 .8 


5 


V GS = 10 V 

1.3 


3 

•d = 1 A T c = 125°C 

2.6 


6 

Forward q 

T ransconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

350 



mS 

Common Source 

Output Conductance 3 

9os 

V DS = 10 V, l D = 0.1 A 

1100 



MS 

DYNAMIC 

Input Capacitance 

1 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 


50 

PF 

Output Capacitance 

wm 

25 


65 

Reverse Transfer 
Capacitance 


5 



SWITCHING 

Turn-On Time 

*ON 

V DD = 25 V, R l = 23 JTi 

1 D = 1 A, Vqen = 10 V 

Rq = 25 TL 

(Switching time is essentially independent 
of operating temperature) 

D 


15 

ns 

Turn-Off Time 

*OFF 



15 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300 .ms , duty cycle ^2%. 
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vtsuee series 


Cl'Siliconix 

JLJm incDrpnra+ed 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V (BR)DSS 

rDS(ON) 

1 D 


NUMBER 

(V) 

(H) 

(A) 

PACKAGE 

VN66AD 

60 

3 

1.7 

TO-220 

VN66AFD 

60 

3 

1.46 

TO-220SD 


Performance Curves: VNDQ06 (See Section 7) 


TO-220/TO-220SD TOP VIEW 



TO-220 



1 2 3 


1 GATE 

2 & TAB - DRAIN 

3 SOURCE 


TO-220SD 

1 SOURCE 

2 GATE 

3 & TAB - DRAIN 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 2 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN66AD 

VN66AFD 

UNITS 

Drain-Source Voltage 

V DS 

60 

60 

V 

Gate-Source Voltage 

Vgs 

+30 

+30 

Continuous Drain Current 

T c = 25°C 

1 r-N 

1.7 

1.46 


T c = 100°C 

1 D 

1 

0.92 

A 

Pulsed Drain Current 1 

Idm 

3 

3 


Power Dissipation 

T c = 25°C 

Pd 

20 

15 

W 

T c = 100°C 

8 

6 

Operating Junction and Storage Temperature 

Tj. T s tg 

-55 to 150 

— 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

H 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN66AD 

VN66AFD 

UNITS 

Junction-to-Case 

P thJC 

6.25 

8.3 

°c/w 


^Pulse width limited by maximum junction temperature. 
2 Absolute maximum ratings have been revised. 
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VN66 SERIES 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


STATIC 


Drain-Source 
Breakdown Voltage 

Gate Threshold 
Voltage 

Gate-Body Leakage 


Zero Gate Voltage 
Drain Current 

On-State Drain 
Current 3 


Drain-Source 

On-Resistance 3 


Transconductance 


Common Source 
Output Conductance 3 


DYNAMIC 


Input Capacitance 
Output Capacitance 


Reverse Transfer 
Capacitance 


SWITCHING 


Turn-On Time 
Turn-Off Time 



V DD = 25 V, R L = 23 XI 
Id = 1 A - V GEN = 10 V 

Rq = 25 XL , 

(Switching time is essentially independent of 95 
operating temperature) | 



15 


15 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjls , duty cycle ^2%. 

4. Data sheet limits and/or test conditions have been revised. 
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Siliconox 

incorporated 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


Performance Curves: VNDQ06 (See Section 7) 


TO-220 TO-220SD 

1 GATE 1 SOURCE 

2 & TAB - DRAIN 2 GATE 

3 SOURCE 3 & TAB - DRAIN 


1 2 3 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 2 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN67AB 

VN67AD 

VN67AFD 

UNITS 

Drain-Source Voltage 

Vds 

60 

60 

60 

V 

Gate-Source Voltage 

Vgs 

±20 

±30 

±30 

Continuous Drain Current 

T c = 25°C 

>d 

0.79 

1.58 

1.37 

A 

T c = 100°C 

0.5 

1 

0.87 

Pulsed Drain Current 1 

• dm 

3 

3 

3 

Power Dissipation 

T c = 25°C 

Pd 

5 

20 

15 

W 

T c = 100°C 

2 

8 

6 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN67AB 

VN67AD 

VN67AFD 

UNITS 

Junction-to-Case 

o 

—> 

£ 

DC 

25 

6.25 

8.3 

°c/w 


1 Pulse width limited by maximum junction temperature 

2 Absolute maximum ratings have been revised from previous data sheet 


PART 

NUMBER 

V(BR)DSS 

(V) 

rDS(ON) 

(n) 

1 D 

(A) 

PACKAGE 

VN67AB 

60 

3.5 

0.79 

TO-205AD 

VN67AD 

60 

3.5 

1.58 

TO-220 

VN67AFD 

60 

3.5 

1.37 

TO-220SD 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 

TO-220/TO-220SD TOP VIEW 


o 
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VN67 SERIES 

H incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 4 

TYP 2 

VN67 4 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0V, 1 D = 1 0 JiA 

O 



■ 

Gate Threshold 

Voltage 

V GS(th) 

Vqs - Vqs , 1 D = 1 m A 

1 

Bl 

2.5 

Gate-Body Leakage 

*GSS 

V DS = 0 V 


+ 1 


±100 


V GS =+15 V 

T c = 125° C 

+ 5 


■ES9 

Zero Gate Voltage 

Drain Current 

•dss 

v GS = 0 V 

V DS = 60 V 

0.05 


10 

MA 

V DS = 48 V, T c = 125°C 

0.3 


500 

On-State Drain 

Current 3 

1 D 

V DS = 10 V, V GS = 10 V 

1.8 

1.5 


D 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V, l D = 0.3 A 

1.8 


5 


V GS = 10 V 


1.3 


3.5 

l D = 1 A 

T c = 125° C 

2.6 


7 

Forward _ 

T ransconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

350 

170 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V , 1 D = 0.1 A 

1100 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

35 


50 


Output Capacitance 

C oss 

V GS = 0 V 

f = 1 MHz 

25 


40 

PF 

Reverse Transfer 
Capacitance 

^rss 


5 


10 

SWITCHING 

Turn-On Time 

*ON 

V DD = 25 V, R L = 23^ 
l D = 1 A, V GEN = 10 V, R g =25^ 

(Switching time Is essentially independent 
of operating temperature) 

8 


15 


Turn-Off Time 

* OFF 

9.5 


15 

ns 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 its , duty cycle £2%. 

4. Data sheet limits and/or test conditions have been revised. 
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VN88 SERIES 

N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

** DS(ON) 

Id 


NUMBER 

(V) 

(O) 

(A) 

PACKAGE 

VN88AD 

80 

4 

1.49 

TO-220 

VN88AFD 

80 

4 

1.29 

TO-220SD 


Performance Curves: VNDQ09 (See Section 7) 


TO-220/TO-220SD TOP VIEW 



TO-220 


o 




1 2 3 


1 GATE 

2 & TAB - DRAIN 

3 SOURCE 


TO-220SD 

1 SOURCE 

2 GATE 

3 & TAB - DRAIN 


ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 2 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN88AD 

VN88AFD 

UNITS 

Drain-Source Voltage 

VdS 

80 

80 


Gate-Source Voltage 

VgS 

+30 

+30 

V 

Continuous Drain Current 

T c = 25° C 

1 r-* 

1.49 

1.29 


T C = 1 00°C 

1 D 

0.94 

0.81 

A 

Pulsed Drain Current 1 


3 

CO 


Power Dissipation 

T c = 25°C 

Pd 

20 

15 

W 

T c = 1 00°C 

8 

6 

Operating Junction and Storage Temperature 


-55 to 150 

— 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

■9 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN88AD 

VN88AFD 

UNITS 

Junction-to-Case 

RthJC 

6.25 

8.3 

°c/w 


1 Pulse width limited by maximum junction temperature 

2 Absolute maximum ratings have been revised from previous data sheet 

















































VN88 SERIES Bt£g& 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN88 4 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 10 MA 


80 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs > Id = 1 m A 


0.8 

D 

Gate-Body Leakage 

!gss 

V DS = 0 V 


+ 1 


■Ifcbl 

nA 

V gs = + 15V 

T c = 125° C 

± 5 


+ 500 

Zero Gate Voltage 

Drain Current 

■dss 

v GS = 0 V 

V DS = 80 V 

0.03 


10 

MA 

V DS = 64 V, T c = 125° C 

0.3 


500 

On-State Drain 

Current 3 

!d(ON) 

V DS = 10 V, Vq S = 10 V 

1.8 

1.5 


D 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Y GS = 5 V, 1 D = 0.3 A 

4.2 


5.6 

■ 

V GS = 10 V 


3.6 


4 

l D = 1 A 

T c = 125° C 

6.8 


8 

Forward _ 

T ransconductance J 

9fs 

V DS = 10 V, l D = 0.5 A 

El 

170 


m 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 0.1 A 

El 



M.S 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 


50 

PF 

Output Capacitance 

C 0 ss 

15 


40 

Reverse Transfer 
Capacitance 

^rss 


2 


10 

SWITCHING 

Turn-On Time 

toN 

V DD = 25 V, R L = 23 XI 
l D = 1 A, V GEN = 10 V 

R G = 25X1 

(Switching time is essentially independent of 
operating temperature) 

CD 



ns 

Turn-Off Time 

* OFF 

8 


15 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jis , duty cycle $2%. 

4. Data sheet limits have been revised. 
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Siliconix 

incorporated 


N-Channel Enhancement-Mode MOS Transistor 


TO-205AD (TO-39) 


BOTTOM VIEW 


PRODUCT SUMMARY 


V(BR)DSS 

(V) 

f DS(ON) 
(H) 

1 D 
(A) 

PACKAGE 

90 

5 

0.67 

TO-205AD 


Performance Curves: VNDQ09 (See Section 7) 



1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 2 


PARAMETERS /TEST CONDITIONS 

SYMBOL 

VN90AB 

UNITS 

Drain-Source Voltage 

Vds 

90 

V 

Gate-Source Voltage 

Vgs 

±20 

Continuous Drain Current 

T c = 25°C 

>d 

0.67 

A 

T c = 100°C 

0.42 

Pulsed Drain Current 1 

Idm 

2 

Power Dissipation 

T c = 25°C 

Pd 

5 

W 

T c = 100°C 

2 

Operating Junction Temperature 

t s 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 2 


THERMAL RESISTANCE 

SYMBOL 

VN90AB 

UNITS 

Junction-to-Ambient 

P thJC 

25 

°c/w 


1 Pulse width limited by maximum junction temperature 

2 Absolute maximum ratings have been revised from previous datasheet 
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VN90AB 


ELECTRICAL CHARACTERISTICS 


LIMITS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 


VN90AB 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 10JIA 


90 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = Vqs ’ ' d = "1 m A 

D 

0.8 


Gate-Body Leakage 

■gss 

V DS = 0 V 
V gs =+15 


+ 1 


Mia 

nA 

| T c = 125°C 

±5 


HI 

Zero Gate Voltage 

Drain Current 

•dss 

V GS = 0 V 

V DS = 90 V 



10 

JIA 

V ds = 72 V, T c = 125°C 



500 

On-State Drain 

Current 3 

lD(ON) 

V DS = 10 V, V GS = 10 V 

1.8 

1.5 


a 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V, 1 D = 0.3 A 



5.3 

XI 

V GS = 10 V 




5 

o 

ii 

> 

4 T c = 125°C 

1 6 - 8 i 


10 

Forward „ 

T ransconductance 

9fs 

V DS = 10V, l D = 0.5A 




mS 

Common Source 

Output Conductance 3 

9 os 

300 



XLS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

KB 


50 

PF 

Output Capacitance 

C OS s 

D 


B 

Reverse Transfer 
Capacitance 

Crss 



B 

SWITCHING 

Turn-On Delay Time 

toN 

V DD = 25 V, R L = 23 XI 

1 D = 1 A , V G £fsj = 0 to 10 V 

6 


10 

ns 

Turn-Off Delay Time 

* OFF 

R G = 25X1 

(Switching time is essentially Independent of 
operating temperature) 

8 


10 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle ^2%. 

4. This parameter has been revised from previous datasheet. 
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CT'Siliconix 

JLJm incorporated 


VN0300 SERIES 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

rDS(ON) 

(O) 

1 D 

(A) 

PACKAGE 

VN0300B 

30 

1.2 

1.51 

TO-205AD 

VN0300L 

30 

1.2 

0.64 

TO-92 

VN0300M 

30 

1.2 

0.67 

TO-237 


TO-205AD (TO-39) BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN & CASE 


Performance Curves: VNDQ03 (See Section 7) 

TO-237 BOTTOM VIEW 


TO-92 


BOTTOM VIEW 




1 SOURCE 

2 GATE 

3 DRAIN 



J 2 3 . 


1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 3 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN0300B 2 

VN0300L 

VN0300M 

UNITS 

Drain-Source Voltage 

Vds 

30 

30 

30 


Gate-Source Voltage 

VgS 

+ 20 

+ 30 

+ 30 

V 

Continuous Drain Current 

T a = 25°C 

1 

1.51 

0.64 

0.67 

■ 

t a = ioo°c 

1 D 

0.95 

0.38 

0.43 


Pulsed Drain Current 1 

Idm 

3 

3 

3 

■ 

Power Dissipation 

T A = 25°C 

Pd 

5 

0.8 

1 

m 

T a = 100°C 

2 

0.32 

0.4 

Operating Junction and Storage Temperature 


-55 to 150 

mm 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

1 



THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN0300B 

VN0300L 

VN0300M 

UNITS 

Junction-to-Ambient 

P thJA 

170 

156 

125 

°C/W 


1 Pulse width limited by maximum junction temperature 
Reference case temperature for all testing 

3 Absolute maximum ratings have been revised from previous datasheet 
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VN0300 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN0300 4 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 


v GS = o V, l D = 10 MA 

65 

30 


V 

Gate Threshold 

Voltage 


Vds = V GS , Ip = 1 m A 

1.5 

0.8 

2.5 

Gate-Body Leakage 

•gss 

V DS = 0 V, V GS = +30 V 

± 1 


+100 

nA 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 30 V, V GS 

= 0 V 

0.0001 


10 

MA 


T c = 125°C 

0.2 


500 

On-State Drain 

Current 3 

!d(ON) 

V DS = 10 V, V GS = 10 V 

3 

1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V G s = 5 V, l D = 0.3 A 

1.4 


3.3 

XI 

v GS = 10 V 


0.85 


1.2 

1 D = 1 A 

T c = 125° C 

1.8 


1.65 

Forward _ 

Transconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

500 

200 


mS 

Common Source 

Output Conductance 3 

Qos 

V DS = 10 V, 1 D = 0.1 A 

1500 



JiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 15 V 

V GS = 0 V 

f = 1 MHz 

38 


100 

PF 

Output Capacitance 

C oss 

28 


95 

Reverse Transfer 
Capacitance 

mm 

8 


25 

SWITCHING 

Turn-On Time 

*ON 

V DD = 25 V, R l = 24 XI 
| D = 1 A, V GEN = 10 V 

R G = 25X1 

(Switching time is essentially independent 
of operating temperature) 

9 


30 

ns 

Turn-Off Time 

toFF 

13 


30 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 ms , duty cycle ^2% 

4. Reference case temperature for VN0300B. 
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fOTSiliconix 

JLJs? incorporated 


VN0603 SERIES 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY TO-92 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN 


SOT-23 TOP VIEW 


a 2 
ID 3 

1 DRAIN 

2 SOURCE 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN0603L 

VN0603T 

UNITS 

Drain-Source Voltage 

Vds 

60 

60 

V 

Gate-Source Voltage 

Vgs 

+30 

+30 

Continuous Drain Current 

T a = 25°C 

Id 

0.30 

0.22 

A 

t a = ioo°c 

0.21 

0.14 

Pulsed Drain Current 1 

Idm 

1 

0.8 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

0.36 

W 

t a = 100°C 

0.32 

0.14 

Operating Junction and Storage Temperature 

Tj, Tgtg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 


300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN0603L 

VN0603T 

UNITS 

Junction-to-Ambient 

P thJA 

156 

350 

°c/w 


1 Pulse width limited by maximum junction temperature 




PART 

V(BR)DSS 

r DS(ON) 

I D 


NUMBER 

(V) 

(n) 

(A) 

PACKAGE 

VN0603L 

60 

3.5 

0.30 

TO-92 

VN0603T 

60 

3.5 

0.22 

SOT-23 


Performance Curves: VNDS06 (See Section 7) 
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VN0603 SERIES 



NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300jxs , duty cycle £2%. 
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Siliconix 

incorporated 


VN0605T 


N-Channel Enhancement-Mode MOS Transistor 


PRODUCT SUMMARY 


V (BR)DSS 

(V) 

r DS(ON) 

(n) 

Id 

(A) 

PACKAGE 

60 

5 

0.18 

SOT-23 


SOT-23 TOP VIEW 



1 DRAIN 

2 SOURCE 

Performance Curves: VNDS06 (See Section 7) 3 GATE 


PRODUCT MARKING 

VN0605T | V0~ 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN0605T 

UNITS 

Drain-Source Voltage 

VdS 

60 

V 

Gate-Source Voltage 

Vgs 

+30 

Continuous Drain Current 

T A = 25°C 

Id 

0.18 

A 

T a = 100°C 

0.11 

Pulsed Drain Current 1 

• dm 

0.72 

Power Dissipation 

T A = 25° C 

Pd 

0.36 

W 

T a = 100°C 

0.14 

Operating Junction Temperature 

Tj 

-55 to 150 

■ 

Storage Temperature 

T stg 

-55 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN0605T 

UNITS 

Junction-to-Ambient 

P thJA 

350 

°c/w 


1 Pulse width limited by maximum junction temperature 










































VN0605T 



ELECTRICAL CHARACTERISTICS 1 

LIMITS 






VN0605T 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

v GS = o V, l D = 

: 10 JlA 

70 

||||^ 



Gate Threshold 

Voltage 

v GS(th) 

v ds = v gs* Id 

= 1 mA 

2.3 

1 

3.0 

V 

Gate-Body Leakage 

•gss 

V ds = 0 V 


+ 1 


+100 

nA 

V gs = +20V 

| Tj = 125° C 

+ 5 


+ 500 

Zero Gate Voltage 

■dss 

V ds = 50 V 


0.02 


1 

JJ.A 

Drain Current 

Vqs = 0 V 

| Tj = 125° C 

1 


500 

On-State Drain 

Current 3 

'd(ON) 

V DS = 10 V, V GS = 10 V 

700 



mA 

Drain-Source 

r DS(ON) 

V GS = 4.5 V, l D 

= 50 mA 

4.5 


7.5 


On-Resistance 3 

V GS = 10V 


3 


5 

SI 



1 D = 0.5 A 

Tj = 125°C 

5.5 


10 


Forward 3 

Transconductance 

Qfs 

V DS = 10 V, l D 

= 0.2 A 

180 

80 



Common Source 

Output Conductance 3 

9os 

V ds = 10 V, l D 

= 50 mA 

500 



| 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

v GS = o V 

f = 1 MHz 

16 


60 


Output Capacitance 

C 0 ss 

11 


25 

PF 

Reverse Transfer 
Capacitance 

Crss 

2 


5 


SWITCHING 

Turn-On Time 

t ON 

V D d = 30 V, R L =150 SI 
l D = 0.2 A, V GEN = 10 V 

n 


20 

ns 

Turn-Off Time 

* OFF 

R g = 25 SI 

(Switching time is essentially independent of 
operating temperature) 

11 


20 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3 . Pulse test ; PW = 80 ;is , duty cycle £ 1 % . 
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Siliconix 

incorporated 


PRODUCT SUMMARY 


VN0610L, VN10KE, VN10KM 

N-Channel Enhancement-Mode MOS Transistors 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 
(fi) 

Id 

(A) 

PACKAGE 

VN0610L 

60 

5 

0.27 

TO-92 

VN10KE 

60 

5 

0.17 

TO-206AC 

VN10KM 

60 

5 

0.31 

TO-237 


TO-206AC (TO-52) BOTTOM VIEW 


< 1 / 3\ \ ' 

, v 9 2 ; i 



Performance Curves: VNDP06 (See Section 7) 

TO-237 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN 


BOTTOM VIEW 




1 SOURCE 

2 GATE 

3 DRAIN & TAB 


1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


SYMBOL VN0610L VN10KE VN10KM UNITS 


60 

15/-0.3 

0.27 

0.17 

1 

0.8 

0.32 


0.3 


0.12 


-55 to 150 
300 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

Drain-Source Voltage 

Vds 

Gate-Source Voltage 2 

Vgs 

Continuous Drain Current 

T A = 25°C 

t a = ioo°c 

Id 

Pulsed Drain Current 1 

Idm 

Power Dissipation 

T A = 25°C 

T a = 100°C 

Pd 

Operating Junction and Storage Temperature 

Tj, T st g 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 



THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN0610L 

VN10KE 

VN10KM 

UNITS 

Junction-to-Ambient 

P thJA 

156 

400 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 

2 Features internal gate-source Zener diode 
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VN061 OL, VN1 OKE, VN1 OKM jffBSsb 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

All 

UNIT 



STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Vqs = 0V, 1 d = 100 JiA 

120 



V 

Gate Threshold 

Voltage 

V GS(th) 

Vds = V GS , Ip = 1 mA 

1.4 



Gate-Body Leakage 

•gss 

V DS = 0 V, Vq S = 15 V 

1 



nA 

Zero Gate Voltage 

Drain Current 

■dss 

V DS = 48 V 


0.7 


10 

HA 

V GS = 0 V 

Tj = 125°C 

3 


500 

On-State Drain 

Current 3 

•d(ON) 

V DS = 10 V, V GS = 10 V 

1000 

750 


mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Vqs = 5 V, l D = 0.2 A 

4 


mm 

a 

V GS = 10 V 


3 


5 

l D = 0.5 A 

Tj = 125° C 

5.6 


9 

Forward « 

T ransconductance 

9fs 

V DS = 10 V, 1 D = 0.5 A 

300 



mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 50 mA 

200 



JiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

Vqs = 0 V 
f = 1 MHz 

38 


60 

PF 

Output Capacitance 

Oqss 

16 


25 

Reverse Transfer 
Capacitance 

^rss 



5 

SWITCHING 

Turn-On Time 

1 ON 

V dd = 15 V, R L = 23 & 
l D = 0.6 A, V GEN = 10 V 

R g = 25 JTL 

(Switching time is essentially independent 
of operating temperature) 

n 


10 

ns 

Turn-Off Time 

foFF 

9 




NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300jis , duty cycle £2%. 
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'Siliconix 

incorporated 


VN0610LL, VN10LE, VN10LM 

N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

*"DS(ON) 

(O) 

• D 

(A) 

PACKAGE 

VN0610LL 

60 

5 

0.28 

TO-92 

VN10LE 

60 

5 

0.38 

TO-206AC 

VN10LM 

60 

5 

0.32 

TO-237 


TO-206AC (TO-52) BOTTOM VIEW 


// ✓-o- \\ 
'll 3\\ 



>19 2 I 


Performance Curves: VNDS06 (See Section 7) 

TO-237 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN & CASE 


BOTTOM VIEW 





1 SOURCE 

2 GATE 

3 & TAB - DRAIN 


1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

Drain-Source Voltage 

v D s 

Gate-Source Voltage 

Vgs 

Continuous Drain Current 

T a = 25° C 

1 r-\ 

t a = ioo°c 

1 D 

Pulsed Drain Current 1 

Idm 


T a = 25°C 


Power Dissipation 

t a = ioo°c 

Pd 

Operating Junction and Storage Temperature 

T J’ T stg 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 



1.5 


0.6 


-55 to 150 
300 


VN10LM 

UNITS 

60 

V 

±30 

0.32 

A 

0.2 

1.4 


1.0 

W 

0.4 



THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN0610LL 

VN10LE 

VN10LM 

UNITS 

Junction-to-Ambient 

P thJA 

156 

400 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 

2 Reference case for all temperature testing 
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VN061 OLL, VN1 OLE, VN1 OLM JR93& 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

ALL 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V G s = 0 V, l D = 100 ma 

70 

60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs > 1 d = 1 m A 

mu 



Gate-Body Leakage 

1 GSS 

V DS = 0 V, Vqs = +30 V 5 

D 



nA 

Zero Gate Voltage 

Drain Current 

Idss 

v DS = 50 V, v GS = 0 V 



10 

MA 

V DS = 50 V, Vqs = 0 V, Tj = 125°C 

i 


500 

On-State Drain 

Current 4 

1 D(ON) 

V DS = 10 V, V GS = 10 V 

1000 



mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Vqs = 5 V, 1 D = 0.2 A 

5 


B 

a 

V GS =10 V 

2.5 


5 

Id = 0.5 A Tj = 125°C 

mm 


9 

Forward « 

T ransconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

230 



mS 

Common Source 

Output Conductance 3 

9os 

V DS = 5 V, l D = 50 mA 

500 



MS 

DYNAMIC 

Input Capacitance 

C ISS 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

16 



PF 

Output Capacitance 

C OSS 

11 


25 

Reverse Transfer 
Capacitance 

Crss 

D 


5 

SWITCHING 

Turn-On Time 

*ON 

V DD = 15 V, R L = 23X1 

1 D = 0.6 A , V GEN =10V 

fl 



ns 

Turn-Off Time 

tOFF 

R G = 25 XL 

(Switching time is essentially independent 
of operating temperature) 

7 


10 


NOTES: 1. T A = 25 °C unless otherwise noted, T c = 25 °C for VN1 OLE. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 as , duty cycle £2%. 

4. Pulse width limited by maximum junction temperature. 

5. V GS =+20 V for VN10LE. 
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fOTSiliconix 

JLMr incorporated 


VN 0808 SERIES 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

rDS(ON) 

Id 


NUMBER 

(V) 

(ft) 

(A) 

PACKAGE 

VN0808L 

80 

4 

0.30 

TO-92 

VN0808M 

80 

4 

0.33 

TO-237 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDQ09 (See Section 7) 


TO-237 


BOTTOM VIEW 




1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN0808L 

VN0808M 

UNITS 

Drain-Source Voltage 

V DS 

80 

80 

V 

Gate-Source Voltage 

VgS 

+30 

±30 

Continuous Drain Current 2 

T a = 25°C 

1 rt 

0.30 

0.33 


t a = ioo°c 

1 D 

0.19 

0.21 

A 

Pulsed Drain Current 1 - 2 

■ dm 

1.9 

1.9 


Power Dissipation 

T a = 25°C 

Pd 

0.8 

1 

W 

T a = 100°C 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj. T s tg 

-55 to 150 

— 

Lead Temperature 

(1/16” from case for 10 seconds) 

T|_ 

300 

1 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN0808L 

VN0808M 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
2 This parameter has been revised from previous datasheet 
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VN0808 SERIES JffESSSb 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN0808 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 10 JlA 

120 

80 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs » Id - "1 m A 

1.6 

0.8 

n 

Gate-Body Leakage 

■gss 

V D s = 0 V, V GS = + 15 V 

±1 



nA 

Zero Gate Voltage 

Drain Current 

1 DSS 

V DS = 80 V 


0.03 


10 

JJ.A 

v GS = o V 

Tj = 125°C 

0.3 



On-State Drain 

Current 3 

•d(ON) 

V DS = 10 V, v GS = 10 V 

1.8 

1.5 


D 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V, l D = 0.3 A 

4.2 




v GS = io V 


3.6 


4 

l D = 1 A 

4 Tj = 125°C 

6.8 


8 

Forward 

Transconductance J 

9FS 

V DS = 10 V, l D = 0.5 A 

350 

170 


ms 

Common Source 

Output Conductance 3 

90S 

V DS = 10 V, 1 D = 0.1 A 

225 



Jis 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 


50 

PF 

Output Capacitance 

c oss 

15 

■ 

m 

Reverse Transfer 
Capacitance 


2 


@i 

SWITCHING 

Turn-On Time 

*ON 

V DD = 25 V, R l = 23X1 

1 D - 1 A, V GEN = 10 V 

R G = 25 XI 

(Switching time is essentially independent 
of operating temperature) 

6 



ns 

Turn-Off Time 

toFF 

8 


10 


NOTES: 1. T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £2%. 

4. This parameter has been revised from previous datasheet. 
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VN1206B, VN1206D 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

• d 


NUMBER 

(V) 

(n) 

(A) 

PACKAGE 

VN1206B 

120 

6 

0.59 

TO-205AD 

VN1206D 

120 

6 

1.19 

TO-220 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 

TO-220 TOP VIEW 


Performance Curves: VNDQ12 (See Section 7) 


o 


DOT 


1 2 3 

1 GATE 

2 & TAB - DRAIN 

3 SOURCE 



ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 2 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN1206B 

VN1206D 

UNITS 

Drain-Source Voltage 


120 

120 

V 

Gate-Source Voltage 


+20 

+30 

Continuous Drain Current 

T c = 25°C 

Id 

0.59 

1.19 

A 

T c = 100°C 

0.37 

0.75 

Pulsed Drain Current 1 

• dm 

2.5 

2.5 

Power Dissipation 

T c = 25°C 

Pd 

5 

20 

W 

T c = 100°C 

2 

8 

Operating Junction and Storage Temperature 

T j» T s tg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN1206B 

VN1206D 

UNITS 

Junction-to-Case 

P thJC 

25 

6.25 

°C/W 


1 Pulse width limited by maximum junction temperature 

2 Absolute maximum ratings have been revised from previous data sheet 

































VN1206B, VN1206D JOT55& 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN1206 

UNIT 



STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 100 MA 

145 

120 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = V GS , Ip = 1 

1.4 


m 

Gate-Body Leakage 

■gss 

V DS = 0 V 


±1 



nA 

Vgs = + 1 5 V 

O 

in 

CM 

ii 

O 

f— 

+ 5 


■ 

Zero Gate Voltage 

Drain Current 

loss 

V D s = 120 V . 

V GS = 0 V j 


0.001 


10 

MA 

T c =125°C 

0.5 


500 

On-State Drain 

Current 3 

Id(ON) 

Vp S = 10 V, v GS = 10 V 

1.6 

1 


D 

Drain-Source 

On-Resistance 3 


V GS = 2.5 V, Ip = 0.1 A 

6 


10 

D 

V GS = 10 V 


mm 


6 

1 p = 0.5 V | 

T c = 125°C 

cm 


14.8 

Forward 

T ransconductance J 

WEM 

V DS = 10 V, l D = 0.5 A 


300 



Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 0.1 A 

400 



D 

DYNAMIC 

Input Capacitance 


V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 



PF 

Output Capacitance 

Goss 

15 



Reverse Transfer 
Capacitance 

^rss 


2 



SWITCHING 

Turn-On Time 

t d(ON) 

V DD = 60 V, R L = 150 a 
l D = 0.4 A, V GEN =10V 

R G = 25 XL 

3 


8 

ns 

tr 

2.5 


8 

Turn-Off Time 

* d(OFF) 

(Switching time is essentially 
independent of operating 

n 


18 

tf 

temperature) 

p-1 


12 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 jjls , duty cycle <2%. 
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fnrSiliconix 

JiLM incorporated 


VN1206L, VN1206M 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

»*DS(ON) 

• d 


NUMBER 

(V) 

(ft) 

(A) 

PACKAGE 

VN1206L 

120 

6 

0.23 

TO-92 

VN1206M 

120 

6 

0.26 

TO-237 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDQ12 (See Section 7) 


TO-237 


BOTTOM VIEW 




1 SOURCE 

2 GATE 

3 & TAB - DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN1206L 

VN1206M 

UNITS 

Drain-Source Voltage 

Vds 

120 

120 

V 

Gate-Source Voltage 

Vgs 

+30 

+30 

Continuous Drain Current 

T a = 25°C 

>d 

0.23 

0.26 

A 

t a = ioo°c 

0.15 

0.16 

Pulsed Drain Current 1 

• dm 

2 

2 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

1 


T a = 100°C 

0.32 

0.40 

Operating Junction and Storage Temperature 


-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN1206L 

VN1206M 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN1206L, VN1206M 


ELECTRICAL CHARACTERISTICS 1 


PARAMETER 

SYMBOL 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Gate Threshold 

Voltage 

V GS(th) 

Gate-Body Leakage 

■gss 

Zero Gate Voltage 

Drain Current 

•dss 

On-State Drain 

Current 3 

'd(ON) 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Forward 

Transconductance' 3 

Sfs 

Common Source 

Output Conductance 3 

QOS 

DYNAMIC 

Input Capacitance 

C iss 

Output Capacitance 

^oss 

Reverse Transfer 
Capacitance 

CfSS 


Turn-On Time 


Turn-Off Time 


TEST CONDITIONS 


: 0 V, I D — ■ 100 aa 


Vqs = V GS , I d = 1 mA 


V GS = +15 V 

V DS = 120 V 
V GS = 0 V 


T. = 125° C 


T. = 125°C 


V DS = 10 V, V GS = 10 V 
Vqs = 2.5 v", I D = 0.1 A 


V GS = 10 V 
l D = 0.5 A 


T. = 125°C 


V DS = 10 V, l D = 0.5 A 


V DS = 7.5 V, l D = 0.1 A 


V DS = 25 V 
V GS = 0 V 
f = 1 MHz 




V DD = 60 V, R l = 150 a 
l D = 0.4 A, V GEN = 10 V 
R G = 25 XL 

(Switching time is essentially 
independent of operating 
temperature) 



NOTES: 1 . T A = 25 °C, unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £2%. 
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VN1210 SERIES 


incorporated 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

f DS(ON) 

Id 


NUMBER 

(V) 

(«) 

(A) 

PACKAGE 

VN1210L 

120 

10 

0.18 

TO-92 

VN1210M 

120 

10 

0.20 

TO-237 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDQ12 (See Section 7) 


TO-237 


BOTTOM VIEW 




1 SOURCE 

2 GATE 

3 DRAIN & TAB 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN1210L 

VN1210M 

UNITS 

Drain-Source Voltage 

Vds 

120 

120 

V 

Gate-Source Voltage 

Vgs 

+30 

±30 

Continuous Drain Current 

T a = 25°C 

Id 

0.18 

0.20 

A 

T a = 100°C 

0.11 

0.13 

Pulsed Drain Current 1 

■ dm 

2 

2 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

1 

W 

T a = 100°C 

0.32 

0.40 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

D 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN1210L 

VN1210M 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN1210 SERIES 


iliconix 

incorporated 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN1210 

UNIT 



STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 100 JJLA 

145 



■ 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = Vqs > Id = 1 m A 

1.4 



Gate-Body Leakage 

!gss 

V DS = 0 V 


+ 1 


mm 


V GS = + 15 V 

Tj = 125° C 

+ 5 



Zero Gate Voltage 

Drain Current 

•dss 

V ds = 120V 

Vqs = 0 V 




10 

^A 

Tj = 125° C 

0.5 


500 

On-State Drain 

Current 3 

*D(ON) 

V DS = 10 V, V GS = 10V 


1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.5 V, 1 D = 0.1 A 

6 


10 

a 

V GS = 10 V 


mm 


10 

l D = 0.5 A 

Tj = 125° C 

7 


24.7 

Forward * 

Transconductance J 

9fs 

V DS = 10 V, l D = 0.5 A 

425 

300 


mS 

Common Source 

Output Conductance 3 

90S 

V DS = 7.5 V, l D = 0.1 A 

400 



US 

DYNAMIC 

Input Capacitance 

C ISS 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 


125 

PF 

Output Capacitance 

^oss 

15 



Reverse Transfer 
Capacitance 

CfSS 

2 



SWITCHING 

Turn-On Time 

td(ON) 

V DD = 60 V, R l = 150 XL 

1 D = 0.4 A , V GEN = 10 V 

R g = 25 JTL 

m 


8 

ns 

tr 

D 


8 

Turn-Off Time 


(Switching time is essentially 
independent of operating 

B 


n 

tf 

temperature) 

B 


B 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300jis , duty cycle £2%. 
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VN1706B, VN1706D 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

l*DS(ON) 

1 D 


NUMBER 

(V) 

( a) 

(A) 

PACKAGE 

VN1706B 

170 

6 

0.63 

TO-205AD 

VN1706D 

170 

6 

1.12 

TO-220 


Performance Curves: VNDB24 (See Section 7) 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 


TO-220 


TOP VIEW 



1 GATE 

2 & TAB - DRAIN 

3 SOURCE 



1 2 3 


ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN1706B 

VN1706D 

UNITS 

Drain-Source Voltage 

Vds 

170 

170 

V 

Gate-Source Voltage 

Vgs 

±20 

±30 

Continuous Drain Current 

T c = 25°C 

Id 

0.63 

1.12 

A 

T c = 100°C 

0.4 

0.7 

Pulsed Drain Current 1 

I DM 

3 

3 

Power Dissipation 

T c = 25°C 

P D 

6.25 

20 

W 

T c = 100°C 

2.5 

8 

Operating Junction and Storage Temperature 

7j» Tstg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN1706B 

VN1706D 

UNITS 

Junction-to-Ambient 

PthJA 

170 

80 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN1706B, VN1706D UfiSSSS 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


VN1706 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V G s = 0V, l D = 100 ^LA 

230 

170 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds “ V G s » Id = 1 m A 

1.4 


2.0 

Gate-Body Leakage 

•gss 

V DS = 0 V 


+ 1 


HUB 


V GS = + 15 V 

T c = 125° C 

±5 


9 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 120 V 

V GS = 0 V 


0.01 


10 

| 

T c = 125° C 

1 


500 

On-State Drain 

Current 3 

1 D(ON) 

V DS = 10 V, V GS = 10 V 

1.5 

1 



Drain-Source 

On-Resistance 3 

r DS(ON) 

V G s = 2.5 V, l D = 0.1 A 

7.5 


10 

B 

V GS = 10V 


5 


6 

1 D = 0.5 V 

T c = 125°C 

10.8 


14.8 

Forward « 

T ransconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

530 

300 



Common Source 

Output Conductance 3 

9 OS 

V DS = 7.5 V, l D = 0.5 A 

475 



im 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

105 


125 

PF 

Output Capacitance 

C OS s 

25 



Reverse Transfer 
Capacitance 

^rss 

5 


20 

SWITCHING 

Turn-On Time 

tdjON) 

V DD = 60 V, R l = 150 A 
l D = 0.4 A, V GEN =10V 

R G — 25 TL 

(Switching time is essentially 
independent of operating 
temperature) 

3 


8 

ns 

t r 

2 


8 

Turn-Off Time 

* d(OFF) 

13 


18 

tf 

9 


12 


NOTES: 1 . T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300iis , duty cycle £2%. 
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VN1706L, VN1706M 


N-Channe! Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

(A) 

Id 

(A) 

PACKAGE 

VN1706L 

170 

6 

0.22 

TO-92 

VN1706M 

170 

6 

0.25 

TO-237 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDB24 (See Section 7) 


TO-237 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN1706L 

VN1706M 

UNITS 

Drain-Source Voltage 

Vds 

170 

170 

V 

Gate-Source Voltage 

Vgs 

+30 

+30 

Continuous Drain Current 

T a = 25°C 

Id 

0.22 

0.25 

A 

T a = 100°C 

0.14 

0.16 

Pulsed Drain Current 1 

Idm 

2.3 

2.5 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

1.0 

W 

T a = 100°C 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj, T stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN1706L 

VN1706M 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN1706L, VN1706M 


iliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


VN1706 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 100 jiA 

230 

170 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs > Id - 1 rr| A 


0.8 

2.0 

Gate-Body Leakage 

mu 

V DS = 0 V 

1 

± 1 


+100 

nA 

V gs = + 15V 


+ 5 


IBUAli 

Zero Gate Voltage 

Drain Current 


V DS = 120V . 

V GS = 0 V | 


0.01 


10 1 

JJLA 

Tj = 125°C 

1 



On-State Drain 

Current 3 

'd(ON) 

V DS = 10 V, V GS = 10 V 

1.2 

1 


B 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.5 V, 1 D = 0.1 A 

7.5 


10 

a 

v GS = 10 V 


5 


6 

l D = 0.5 V 

Tj = 1 25° C 

10.8 


14.8 

Forward 

T ransconductance J 

9fs 

V DS = 10 V, l D = 0.5 A 

530 

300 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 0.5 A 

475 



JJLS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

105 


125 

pF 

Output Capacitance 

C oss 

V GS = 0 V 

f = 1 MHz 



50 

Reverse Transfer 
Capacitance 

mm 





SWITCHING 

Turn-On Time 

td(ON) 

V DD = 60 V, R l = 150 a 

n 


8 

ns 

t r 

l D = 0.1 A, V GEN = 10 V 

R g = 25X1 

(Switching time is essentially 
independent of operating 
temperature) 

B 


8 

Turn-Off Time 

td(OFF) 

13 


18 

tf 

9 


12 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300iis , duty cycle <2%. 
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ITSiSconix 

JL£P incarparated 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

rDS(ON) 

• d 


NUMBER 

(V) 

(H) 

(A) 

PACKAGE 

VN1710L 

170 

10 

0.17 

TO-92 

VN1710M 

170 

10 

0.19 

TO-237 


Performance Curves: VNDB24 (See Section 7) 


VN1710 SERIES 

N-Channel Enhancement-Mode MOS Transistors 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-237 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN1710L 

VN1710M 

UNITS 

Drain-Source Voltage 

Vds 

170 

170 

V 

Gate-Source Voltage 

V GS 

+30 

+30 

Continuous Drain Current 

T a = 25°C 

• d 

0.17 

0.19 

A 

t a = ioo°c 

0.11 

0.12 

Pulsed Drain Current 1 

Idm 

0.47 

0.54 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

1.0 

W 

T a = 100°C 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj. T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN1710L 

VN1710M 

UNITS 

Junction-to-Ambient 

< 

5 

£ 

DC 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 

































VN1710 SERIES HU 8£S5 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN1710 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Vqs = 0 V, l D = 100 ^LA 

230 

170 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs - V GS , Ip = 1 mA 

1.4 

0.8 

2.0 

Gate-Body Leakage 

■gss 

V DS = 0 V 


+ 1 


+100 

nA 

V gs = +15V 

Tj = 125° C 

±5 



Zero Gate Voltage 

Drain Current 

•dss 

V DS = 120 V 

V GS = 0 V 


0.01 


10 

MA 

Tj = 125° C 

1 


500 

On-State Drain 

Current 3 

Id(ON) 

V DS = 10 V, V GS = 10 V 

1.2 

1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.5 V, 1 D = 0.1 A 

8.5 


10 

XI 

V GS = 10 V 


6.5 


10 

l D = 0.5 A 

Tj = 125°C 

14 


24.7 

Forward - 

T ransconductance J 

9fs 

V DS = 10 V, l D = 0.5 A 

530 

300 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 0.5 A 

475 



MS 

DYNAMIC 

Input Capacitance 

^iss 

V DS = 25 V 

110 


125 

PF 

Output Capacitance 

C OS s 

V GS = 0 V 

f = 1 MHz 

30 


50 

Reverse Transfer 
Capacitance 

^rss 


5 


20 

SWITCHING 

Turn-On Time 

t d(ON) 

V DD = 60 V, R L = 150 XI 

3 


8 

ns 

tr 

l D = 0.4 A, V GEN = 10 V 

Rq = 25 XI 

2 


8 

Turn-Off Time 

td(OFF) 

(Switching time is essentially 
independent of operating 
temperature) 

13 


23 

tf 

9 


34 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 
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CT’Siliconix 

* m incorporated 


VN2010 SERIES 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

Id 


NUMBER 

(V) 

(H) 

(A) 

PACKAGE 

VN2010L 

200 

10 

0.19 

TO-92 

VN2020L 

200 

20 

0.08 

TO-92 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDQ20 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN2010L 

VN2020L 

UNITS 

Drain-Source Voltage 

Vds 

200 

200 

V 

Gate-Source Voltage 

Vgs 

+30 

+30 

Continuous Drain Current 

T a = 25°C 

Id 

0.19 

0.08 

A 

T a = 100°C 

0.12 

0.055 

Pulsed Drain Current 1 

Idm 

0.8 

0.5 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

0.8 

W 

T a = 100°C 

0.32 

0.32 

Operating Junction and Storage Temperature 

Tj. "*"stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN2010L 

VN2020L 

UNITS 

Junction-to-Ambient 

P thJA 

156 

156 

°c/w 


1 Pulse width limited by maximum junction temperature 











































VN2010 SERIES HlBSg& 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN2010L 

VN2020L 

UNIT 

MIN 

MAX 



STATIC 

Drain-Source 
Breakdown Voltage 

V (BR )DSS 

Vqs = o V, l D = 100 MA 


200 


200 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs - Id = 1 m A 

1 

0.8 

1.8 


2 

Gate-Body Leakage 

Igss 

V DS = 0 V 

Vqs =+20 V 


+ 1 


±10 


+ 10 

nA 

Tj = 125° C 

+ 5 





Zero Gate Voltage 
Drain Current 

1 DSS 

V DS = 160 V 


0.001 


1 


1 

MA 

V GS = 0 V 

Tj = 125° C 

1 


100 



On-State Drain 

Current 3 

'□(ON) 

V DS = 10 V, v GS = 10 V 

700 

100 




mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 4.5 V 


7 


10 


20 

D 

l D = 50 mA 

Tj = 125° C 



20 


40 

Forward 

T ransconductance 

9fs 

V DS = 15 V, l D = 100 mA 

1 



125 


m 

Common Source 
Output Conductance 3 

9os 

V DS = 15 V, l D = 50 mA 






MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 


60 


60 

PF 


Coss 

9 


30 


30 

Reverse Transfer 
Capacitance 

C rss 

m 

■1 

15 


15 

SWITCHING 4 

Turn-On Time 

t ON 

V DD = 25 V, R L = 250 XT 
l D = 100 mA, V GEN = 10 V 

R G = 25 XT 

D 


20 


20 

ns 

Turn-Off Time 

t OFF 

D 


30 


30 


NOTES: 


1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 ms , duty cycle £2% 

4. Switching time is essentially independent of operating temperature. 
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VN2222KM, VN2222L 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

rDS(ON) 

Id 


NUMBER 

(V) 

(fi) 

(A) 

PACKAGE 

VN2222KM 

60 

7.5 

0.25 

TO-237 

VN2222L 

60 

7.5 

0.23 

TO-92 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDP06 (See Section 7) 


TO-237 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN2222KM 

VN2222L 

UNITS 

Drain-Source Voltage 

Vds 

60 

60 

V 

Gate-Source Voltage 2 

Vgs 

+15, -0.3 

+15, -0.3 

Continuous Drain Current 

T a = 25°C 

Id 

0.25 

0.23 

A 

t a = ioo°c 

0.16 

0.14 

Pulsed Drain Current 1 

Idm 

1 

1 

Power Dissipation 

T a = 25°C 

Pd 

1 

0.8 

W 

T a = 100°C 

0.4 

0.32 

Operating Junction and Storage Temperature 

Tj, T s tg 


O 

o 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN2222KM 

VN2222L 

UNITS 

Junction-to-Ambient 

P thJA 

125 

156 

°c/w 


1 Pulse width limited by maximum junction temperature 

2 Features internal gate-source zener diode 
































VN2222KM, VN2222L jrHfeSte 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN2222 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V G s = 0 V, l D = 100 MA 

120 

60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = Vq S , Iq = 1 m A 




Gate-Body Leakage 

*GSS 

V DS = o V, V GS = 15 V 



100 

nA 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 48 V 


0.7 


10 

JIA 

v GS = 0 V 

Tj = 125° C 

3 



On-State Drain 

Current 3 

•d(ON) 

< 

o 

0) 

it 

o 

< 

< 

o 

CO 

II 

o 

< 

1000 

750 


mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Vqs = 5 V, l D = 0.2 A 

4 


MEM 

a 

V GS = 10 V 


3 


Mzm 

l D = 0.5 A 

Tj = 125° C 

5.6 



Forward q 

T ransconductance 

9fs 

V DS = 10 v, l D = 0.5 A 

300 

100 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 50 mA 

200 



iiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

38 


60 

pF 

Output Capacitance 

C oss 

16 



Reverse Transfer 
Capacitance 

Crss 

2 


5 

SWITCHING 

Turn-On Time 

toN 

V dd = 15 V, R l = 23TL 
l D = 0-6 A, V GEN = 10 V 

7 


D 

ns 

Turn-Off Time 

toFF 

R g = 25 n 

(Switching time is essentially independent 
of operating temperature) 

D 


m 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300jis , duty cycle ^2% 
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fllSSSas VN2222LL, VN2222LM 

N-Channel Enhancement-Mode MOS Transistors 


TO-92 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN 


TO-237 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN2222LL 

VN2222LM 

UNITS 

Drain-Source Voltage 


60 

60 

V 

Gate-Source Voltage 


+30 

±30 

Continuous Drain Current 

T a = 25°C 

>d 

0.23 

0.26 

A 

t a = ioo°c 

0.14 

0.16 

Pulsed Drain Current 1 

• dm 

1 

1 

Power Dissipation 

T A = 25°C 

Pd 

0.8 

1 

W 

T a = 100°C 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN2222LL 

VN2222LM 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 





PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

• d 


NUMBER 

(V) 

(n) 

(A) 

PACKAGE 

VN2222LL 

60 

7.5 

0.23 

TO-92 

VN2222LM 

60 

7.5 

0.26 

TO-237 


Performance Curves: VNDS06 (See Section 7) 





































VN2222LL, VN2222LM SBS& 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN2222 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 


V G s = o V, l D = 100 ma 

70 

60 


V 

Gate Threshold 

Voltage 


Yds = Yqs » 'd = ”1 m A 

2.3 

0.6 

2.5 

Gate-Body Leakage 

!gss 

V DS = 0 V, V GS = +20 V 

±1 


+ 100 

nA 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 48 V 


0.02 


10 

.HA 

V GS = 0 V 

Tj = 125°C 

1 


500 

On-State Drain 

Current 3 

Id(on) 

V DS = 10 V, V GS = 10 V 

1000 

750 


| 

Drain-Source 

On-Resistance 3 

r DS(ON) 

Yqs = 5 V, l D = 0.2 A 

5 


7.5 

B 

v GS = iov 


2.5 


HEfl 

l D = 0.5 A 

Tj = 125° C 

4.4 



Forward 

T ransconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

230 

100 


a 

Common Source 

Output Conductance 3 

9os 

V DS = 10 V, 1 D = 0.2 A 

1200 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

16 


60 

PF 

Output Capacitance 

C oss 

11 


25 

Reverse Transfer 
Capacitance 


2 


5 

SWITCHING 

Turn-On Time 

t ON 

V DD = 15 V, R L = 23X1 
l D = 0.6 A, V GEN = 10 V 

i 



ns 

Turn-Off Time 

*OFF 

R g = 25 XI 

(Switching time is essentially independent 
of operating temperature) 

D 




NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300 ms , duty cycle £2%. 
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VN2406B, VN2406D 


N-Channel Enhancement-Mode MOS Transistor's 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

** DS(ON) 

Id 


NUMBER 

(V) 

(n) 

(A) 

PACKAGE 

VN2406B 

240 

6 

0.63 

TO-205AD 

VN2406D 

240 

6 

1.12 

TO-220 


TO-205AD (TO-39) BOTTOM VIEW 



2 GATE 

3 DRAIN & CASE 

TO-220 FRONT VIEW 


Performance Curves: VNDB24 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (Tc = 


o 


SArV 


1 2 3 

1 GATE 

2 & TAB - DRAIN 

3 SOURCE 

25°C unless otherwise noted) 



PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN2406B 

VN2406D 

UNITS 

Drain-Source Voltage 

Vds 

240 

240 

V 

Gate-Source Voltage 

Vgs 

±20 

+30 

Continuous Drain Current 

T c = 25°C 

Id 

0.63 

1.12 

A 

T c = 100°C 

0.4 

0.7 

Pulsed Drain Current 1 

■ dm 

3 

3 

Power Dissipation 

T c = 25°C 

Pd 

6.25 

20 

W 

T C = 100°C 

2.5 

8 

Operating Junction and Storage Temperature 

Tj, T stg 

-55 to 150 

■ 

Lead Temperature 

01/16” from case for 10 seconds) 

Tl 

300 



THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN2406B 

VN2406D 

UNITS 

Junction-to-Case 

RthJC 

20 

6.25 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN2406B, VN2406D 


iliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


VN2406 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V G s = 0 V, l D = 100 JJLA 

270 

240 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = V G s . Id = 1 

1.4 

0.8 

2.0 

Gate-Body Leakage 

•gss 

V DS = 0 V 

Vqs =±15 V 


+ 1 


±100 

1 


+ 5 


+500 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 120 V 

Vqs = 0 V 




10 

D 

T c = 125° C 

1 


500 

On-State Drain 

Current 3 

'd(ON) 

V DS = 10 V, Vq S = 10 V 

1.5 

1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.5 V, 1 D = 0.1 A 

7.5 


10 


V GS = 10 V 


5 


6 

l D = 0.5 V 

T c = 125° C 

10.8 


14.8 

Forward _ 

T ransconductance 

9fs 

V DS = 10 V, l D = 0.5 A 

530 

300 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 0.5 A 

475 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

110 


125 

^ 

pF 

Output Capacitance 

^oss 

30 



Reverse Transfer 
Capacitance 

C rss 


5 



SWITCHING 

Turn-On Time 


V DD = 60 V, R l = 150 a 



8 

ns 

tr 

l D = 0.4 A, V GEN = 10 V 

R g = 25 XL 

2 


8 

Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of operating 
temperature) 

13 



tf 

9 


12 


NOTES: 1. T c = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =.300jjls , duty cycle <2% 


6-94 





































































VN2406L, VN2406M 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

rDS(ON) 

Id 


NUMBER 

(V) 

(«> 

(A) 

PACKAGE 

VN2406L 

240 

6 

0.22 

TO-92 

VN2406M 

240 

6 

0.25 

TO-237 


TO-92 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


Performance Curves: VNDB24 (See Section 7) 


TO-237 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN2406L 

VN2406M 

UNITS 

Drain-Source Voltage 

Vds 

240 

240 

V 

Gate-Source Voltage 


+30 

+30 

Continuous Drain Current 

T A = 25°C 

Id 

0.17 

0.19 

A 

t a = ioo°c 

0.11 

0.12 

Pulsed Drain Current 1 


1.7 

2 

Power Dissipation 

T a = 25°C 

Pd 

0.8 

1 


T a = 100°C 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj. T stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN2406L 

VN2406M 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN2406L, VN2406M .BIBSSSS 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 


VN2406 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 


V GS = 0 V, l D = 100 ^LA 


240 


V 

Gate Threshold 

Voltage 


Yds = Yqs - Id = 1 m A 



2 

Gate-Body Leakage 


V DS = 0 V 


+ 1 


+100 

nA 

V gs = + 15V 

Tj = 125° C 

+ 5 


Hil 

Zero Gate Voltage 

Drain Current 

*DSS 

V ds = 120V 

v gs = o v J 


0.01 


10 

J-lA 

Tj = 125°C 

1 



On-State Drain 

Current 3 

1 D(ON) 

V DS = 15 V, Vq S = 10 V 

1.5 

1 


D 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.5 V, l D = 0.1 A 

7.5 


10 


V GS = 10 V 


5 


10 

1 D = 0.5 A j 

H 

c_ 

II 

ro 

cn 

O 

10.8 



Forward 

Transconductance 

9fs 

V D s = 10 Y, l D = 0.5 A 

530 

300 



Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, 1 D = 0.5 A 

475 




DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

110 


125 

PF 

Output Capacitance 

^oss 

V GS = 0 V 

f = 1 MHz 

30 


50 

Reverse Transfer 
Capacitance 

^rss 


5 


20 

SWITCHING 

Turn-On Time 


V DD = 60 V, R L = 150 XI 
l D = 0.4 A , V GEN =10 V 

R g = 25X1 

(Switching time is essentially 
independent of operating 
temperature) 

3 


8 

ns 

tr 

2 


8 

Turn-Off Time 


13 


1 

tf 

9 


mm 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £2%. 
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fDTSiliconix 

JLM incorporated 


PRODUCT SUMMARY 


PART 

V(br)DSS 

** DS(ON) 

Id 


NUMBER 

(V) 

(H) 

(A) 

PACKAGE 

VN2410L 

240 

10 

0.17 

TO-92 

VN2410M 

240 

10 

0.19 

TO-237 


Performance Curves: VNDB24 (See Section 7) 


VN2410 SERIES 

N-Channel Enhancement-Mode MOS Transistors 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-237 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN2410L 

VN2410M 

UNITS 

Drain-Source Voltage 

V DS 

240 

240 

V 

Gate-Source Voltage 

Vgs 

±30 

±30 

Continuous Drain Current 

T a = 25°C 

Id 

0.17 

0.19 

A 

T a = ioo°c 

0.11 

0.12 

Pulsed Drain Current 1 

Idm 

1.7 

2 

Power Dissipation 

T A = 25°C 

Pd 

0.8 

1 

W 

T a = 100°C 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj » T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN2410L 

VN2410M 

UNITS 

Junction-to-Ambient 

RthJA 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 

























VN2410 SERIES 


iliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN2410 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Vqs = 0 V, l D = 100 jiA 




V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = Vqs > Ip = 1 m A 




Gate-Body Leakage 

*GSS 

Vds = 0 V 

±1 



nA 

V GS = +15 v 1 Tj = 125° C 

±5 



Zero Gate Voltage 

Drain Current 

•dss 

V ds = 120V 

0.01 


10 

MA 

V g “s = 0V | Tj = 125°C 

1 



On-State Drain 

Current 3 

'□(ON) 

V DS = 15 V, V GS = 10 V 

1.2 

1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 2.5 V, 1 D = 0.1 A 

8.5 


10 

a 

V GS = 10 V 

6.5 


10 

1 D = °' 5 A Tj = 125°C 

14 


24.7 

Forward _ 

Transconductance J 

9fs 

V DS = 10 V, l D = 0.5 A 


300 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 0.5 A 

475 



MS 

DYNAMIC 

Input Capacitance 

C |SS 

V DS = 25 V 

Vqs = 0 V 
f = 1 MHz 

110 


BS 

PF 

Output Capacitance 

^oss 



i 

Reverse Transfer 
Capacitance 

^rss 

5 


20 

SWITCHING 

Turn-On Time 


V DD = 60 V, R L =150il 

3 


8 

ns 

t r 

l D = 0.4 A, V GEN =10V 

R g = 25 n 

2 


8 

Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of operating 
temperature) 

13 



tf 

9 


34 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle £2%. 
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SOTSiliconix 

JLJBr incorporated 


VN4012 SERIES 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

ros(ON) 

( n) 

1 D 

(A) 

PACKAGE 

VN4012L 

400 

12 

0.16 

TO-92 

VN4012B 

400 

12 

0.42 

TO-205AF 

VN3515L 

350 

15 

0.15 

TO-92 


Performance Curves: VNDV40 (See Section 7) 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-205AF BOTTOM VIEW 



3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN4012L 

VN4012B 2 

VN3515L 

UNITS 

Drain-Source Voltage 

Vds 

400 

400 

350 

V 

Gate-Source Voltage 

Vgs 

±30 

±20 

±30 

Continuous Drain Current 

T a = 25°C 

Id 

0.16 

0.42 

0.15 

A 

T a = ioo°c 




Pulsed Drain Current 1 

Idm 

0.65 

1.3 

0.60 

Power Dissipation 

T a = 25°C 

Pd 


5 


W 

T a = 100°C 

HQQH 

2 


Operating Junction and Storage Temperature 

Tj» T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 


300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN4012L 

VN4012B 

VN3515L 

UNITS 

Junction-to-Ambient 

P thJA 

156 

125 

156 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case for all temperature tests 
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VN4012 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN4012 

VN3515 

UNIT 

MIN 

MAX 

MIN 

MAX 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 100 ma 

420 



350 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds ~ V GS , Ip = 1 mA 

1.3 

0.6 

1.8 

0.6 

1.8 

Gate-Body Leakage 

•gss 

V DS = 0 V 


+ 1 


wsa 


+ 10 

nA 

V gs =+20V 

|Tj = 125° C 

mm 





Zero Gate Voltage 
Drain Current 

•dss 

| V DS = 0.8 x V(BR)DSS 1 

0.002 


1 


1 

HA 

I V GS = o V 

| Tj = 125°c| 

0.8 


100 


100 

On-State Drain 

Current 3 

lD(ON) 

V DS = 10 V, V GS = 4.5 V 

300 



150 



Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 10 V, l D = 100 mA 

9 






V GS = 4.5 V 


9.5 


12 


15 

| D = 1 00 mA 

Tj = 125° C 

17 


30 


35 

Forward 3 

T ransconductance 

9fs 

V DS = 15 V, l D = 100 mA 

350 

125 


125 


mS 

Common Source 
Output Conductance 3 

9os 

17 





MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

80 


90 


90 

PF 

Output Capacitance 

C 0 ss 

10 


20 



Reverse Transfer 
Capacitance 

Crss 

2 


5 


5 

SWITCHING 

Turn-On Time 

td(ON) 

V DD = 25 V, R L = 250X1 

3.5 




20 


tr 

l D = 0.1 A, V gen = 10 V 

2 


20 



Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of operating 
temperature) 

25 





ns 

tf 

15 




65 


NOTES: 1 . T A = 25 °C unless otherwise noted, T c = 25 °C for VN4012B. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle £2%. 
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fET'Siliconix 

JLM incorporated 


VN45350 SERIES 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

-I 

□ 

0) 

O 

z 

Id 


NUMBER 

(V) 

(ft) 

(A) 

PACKAGE 

VN45350L 

450 

350 

0.030 

TO-92 

VN45350T 

450 

350 

0.020 

SOT-23 


Performance Curves: VNDO50 (See Section 7) 


PRODUCT MARKING 


VN45350T 


V04 



3 DRAIN 


SOT-23 


TOP VIEW 




2 

3 


1 DRAIN 

2 SOURCE 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN45350L 

VN45350T 

UNITS 

Drain-Source Voltage 

Vds 

450 

450 

V 

Gate-Source Voltage 

Vgs 

±30 

+30 

Continuous Drain Current 

T a = 25°C 

Id 

0.030 

0.020 

A 

t a = ioo°c 

0.019 

0.013 

Pulsed Drain Current 1 

Idm 

0.12 

0.08 

Power Dissipation 

T A = 25°C 

Pd 

0.80 

0.35 

W 

T a = 100°C 

0.32 

0.14 

Operating Junction and Storage Temperature 

Tj, T st g 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN45350L 

VN45350T 

UNITS 

Junction-to-Ambient 

P thJA 

156 

350 

°c/w 


1 Pulse width limited by maximum junction temperature 
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VN45350 SERIES .fffi&SA 



NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £2%. 
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VN50300 SERIES 


incorporated 


N-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS (ON) 

• D 


NUMBER 

(V) 

(n) 

(A) 

PACKAGE 

VN50300L 

500 

300 

0.033 

TO-92 

VN50300T 

500 

300 

0.022 

SOT-23 


Performance Curves: VNDO50 (See Section 7) 


PRODUCT MARKING 


VN50300T 


V01 



SOT-23 TOP VIEW 



1 DRAIN 

2 SOURCE 

3 GATE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VN50300L 

VN50300T 

UNITS 

Drain-Source Voltage 

Vds 

500 

500 

V 

Gate-Source Voltage 

Vgs 

±30 

±30 

Continuous Drain Current 

T a = 25°C 

Id 

0.033 

0.022 

A 

t a = ioo°c 

0.021 

0.013 

Pulsed Drain Current 1 

• dm 

0.130 

0.080 

Power Dissipation 

T a = 25°C 

Pd 

0.80 

0.35 

W 

T a = 100°C 

0.32 

0.14 

Operating Junction and Storage Temperature 

Tj> ^stg 

-55 to 150 

°c 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VN50300L 

VN50300T 

UNITS 

Junction-to-Ambient 

P thJA 

156 

350 

°c/w 


1 Pulse width limited by maximum junction temperature 





























VN50300 SERIES 


iliconix 

incnrpDratEd 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VN50300 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Vqs = 0V, 1 D = 10 MA 

520 



V 

Gate-Source 

Threshold Voltage 

V GS(th) 

Vds = Vqs. 1 D = 10 MA 

3.5 

1.0 

4.5 

Gate-Body Leakage 

1 GSS 

V DS = 0 V 


+ 1 


+ 100 

nA 

V GS = +20 V | 

Tj = 125° C 

±5 


+ 500 

Zero Gate Voltage 

Drain Current 

•dss 


■■■■ 

3 


50 

ism 

2 


5 

MA 

On-State Drain 

Current 3 

•d(ON) 

V DS = 10 V, v GS = 10 V 

30 

15 



Drain-Source 

On-Resistance 3 

r DS(ON) 

Vqs = 1 0 V, 1 D = 1 0 mA 

250 


300 


V GS = 10 V 


240 



l D = 5 mA 

Tj = 125° C 

525 


700 

Forward 

Transconductance J 

9fs 

V DS = 1 5 V, 1 D = 1 0 mA 

14 

5 


1 

Common Source 

Output Conductance 3 

9os 

4.5 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

5 


20 

PF 

Output Capacitance 

c oss 

1.8 


10 

Reverse Transfer 
Capacitance 


f = 1 MHz 

0.5 


5 

SWITCHING 

Turn-On Time 

t d(ON) 

V DD = 25 V, R l = 2500 SI 

4.5 

j 

8 

ns 

tr 

l D = 10 mA, V GEN = 10 V 

R G = 25 JTL 

8 


12 

Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of operating 

15 


20 

tf 

temperature) 

60 


90 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW = 300 ms , duty cycle £2%. 
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Siliconix 

incorporated 


VP0300 SERIES 


P-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


TO-205AD (TO-39) 


BOTTOM VIEW 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

(n) 

1 D 

(A) 

PACKAGE 

VP0300B 

-30 

2.5 

-1.25 

TO-205AD 

VP0300L 

-30 

2.5 

-0.32 

TO-92 

VP0300M 

-30 

2.5 

-0.5 

TO-237 


Performance Curves: VPMH03 (See Section 7) 




1 SOURCE 

2 GATE 

3 & TAB - DRAIN 



1 SOURCE 

2 GATE 

3 DRAIN & 



CASE 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VP0300B 2 

VP0300L 

VP0300M 

UNITS 

Drain-Source Voltage 

Vds 

-30 

-30 

-30 

V 

Gate-Source Voltage 

V GS 

±20 

±30 

±30 

Continuous Drain Current 

T a = 25°C 

Id 

-1.25 

-0.32 

-0.5 

A 

T a = ioo°c 

-0.79 

-0.2 

-0.32 

Pulsed Drain Current 1 

• dm 

-3 

-2.4 

-3 

Power Dissipation 

T a = 25°C 

Pd 

6.25 

0.8 

1 

W 

T a = 100°C 

2.5 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

°c 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VP0300B 

VP0300L 

VP0300M 

UNITS 

Junction-to-Ambient 

P thJA 

170 

156 

125 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case temperature for all tests> 





VP0300 SERIES £FSjS5SS 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VP0300 4 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D ==-10 -UA 

-55 

-30 j 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs > Id = ~1 m A 

-3.6 

-2 

m 

Gate-Body Leakage 

•gss 

V DS = 0 V, V GS =+30 V 

+ 1 


+ 100 

nA 

Zero Gate Voltage 

Drain Current 

■dss 

V DS = -25 V, V GS 

= 0 V 

-0.0001 


-10 

JlA 


Tj = 125° C 

-0.3 


-500 

On-State Drain 

Current 

•d(ON) 

V DS = -10 V, V GS = -12 V 

-1.6 



D 

Drain-Source 

On-Resistance 3 


V gs = -12 V 


1.8 


2.5 

SI 

l D = -1 A 

Tj = 125° C 

3.1 


3.63 

Forward « 

T ransconductance J 

wm 

V DS = -10 V, l D = -0.5 A 

290 




Common Source 

Output Conductance 3 

0OS 

V DS = -7.5 V, 1 D = -0.05 A 

800 



nu 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -15 V 

V GS = 0 V 

f = 1 MHz 

130 


150 

PF 

Output Capacitance 

C oss 

75 



Reverse Transfer 
Capacitance 

C r ss 

20 


60 

SWITCHING 

Turn-On Time 

*ON 

V DD = -25 V, R L = 23 XL 

Id = -1 A. V GEN = -10 V 

R G = 25 n 

(Switching time is essentially independent 
of operating temperature) 

16 



ns 

Turn-Off Time 

tOFF 

13 




NOTES: 


1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle £2%. 

4. Reference case temperature for VP0300B. 
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VP0610 SERIES 



PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

(a) 

1 D 

(A) 

PACKAGE 

VP0610E 

-60 

10 

-0.25 

TO-206AC 

VP0610L 

-60 

10 

-0.18 

TO-92 

VP0610T 

-60 

10 

-0.12 

SOT-23 


Performance Curves: VPDS06 (See Section 7) 


SOT-23 


TOP VIEW 



DRAIN [n 


3 SOURCE 
3 GATE 


PRODUCT MARKING 


VP0610T 


V50 


P-Channel Enhancement-Mode MOS Transistors 


TO-92 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-206AC (TO-52) BOTTOM VIEW 




GATE 

DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VP0610E 2 

VP0610L 

VP0610T 

UNITS 

Drain-Source Voltage 


-60 

-60 

-60 

V 

Gate-Source Voltage 

IIQII 

±20 

±30 

±30 

Continuous Drain Current 

T a = 25°C 

Id 

-0.25 

-0.18 

-0.12 

1 

t a = ioo°c 

-0.15 

-0.11 

-0.07 

Pulsed Drain Current 1 


-1 

-0.8 

-0.4 

Power Dissipation 

T a = 25°C 

Pd 

1.5 

0.80 

0.36 


T a = 100°C 

0.6 

0.32 

0.14 

Operating Junction and Storage Temperature 


-55 to 150 

■ 

Lead Temperature 

(1/16" from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VP0610E 

VP0610L 

VP0610T 

UNITS 

Junction-to-Ambient 

P thJA 

400 

156 

350 

°c/w 


^Pulse width limited by maximum junction temperature 
heference Tc for all tests 





























/*■ 


VP0610 SERIES 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






VP0610E 

VP0610L 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, 1 

D = -io.ua 



■ 


■ 


Gate Threshold 

Voltage 

V GS(th) 

V DS = V GS- 

1 D = -1 rnA 

pH 


■ 

■ 


V 

Gate-Body Leakage 

mum 

v DS = o V 


GO 




■3EI 

nA 

V gs = + 20V 

Tj = 125° C 

wm 





Zero Gate Voltage 

■HU 

V DS = -48 V 




-1 


-1 

JIA 

Drain Current 


V GS = 0 V 

| Tj = 125° C 






On-State Drain 

Current 3 


v DS = -io V, V GS = -10 V 

-700 

-600 


-600 


Jjj 

Drain-Source 

r DS(ON) 

v GS = -io V 


8 




10 

Hj 

On-Resistance 3 

l D = -0.5 A 

Tj = 125° C 

wm 




20 

■ 

Forward „ 

T ransconductance 

9fs 

V DS = -10 V, l D = -0.5 A 



j 




Common Source 
Output Conductance 3 

9os 

V DS =-10 V, l D = -0.2 A 



■ 

HI 


.V. 

DYNAMIC 

Input Capacitance 

C |SS 

Yds = 

-25 V 

15 


60 




Output Capacitance 

c oss 

v GS = 

f = 1 

: 0 V 

MHz 

O 


25 


D 

PF 

Reverse Transfer 
Capacitance 

Crss 

D 


5 


D 


SWITCHING 

Turn-On Time 

tdCON) 

V DD = -25 V, R L = 133X1 

■ 


D 


10 


tr 

l D = -0.18 A , V GEN = -10 V 

R g = 25 XI 

10 


D 


15 

ns 

Turn-Off Time 

t d(OFF) 

(Switching time is essentially 
independent of oDeratina 

■ 


D 



tf 

temperature) 


1 


20 





NOTES: 1. T A = 25 °C unless otherwise noted, T c = 25 °C for VP0610E. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £2%. 
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iliconix 

incorporated 


VP 0610 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VP0610T 

UNIT 



STATIC 

Drain-Source 
Breakdown Voltage 


V GS = 0 V, l D = —10 JJL A 

-70 

-60 


V 

Gate Threshold 

Voltage 


Vqs = Yqs , Iq = -1 mA 

-2 

-1 

-3.5 

Gate-Body Leakage 

1 

Vn.<? = o V 

+ 1 


+ 10 

nA 

V GS = + 20 V | Tj _ 125° C 

+ 5 



Zero Gate Voltage 
Drain Current 

•dss 

V DS = -48 V 

-0.02 


-1 

.UA 

Vqs = 0 V | Tj = 125° C 

-0.2 


-200 

On-State Drain 

Current 3 

•d(ON) 

v DS = -io V, V GS = -10 V 

-300 

-220 


mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -10 V 

6 


10 

XI 

l D = -0.2A Tj = 125° C 

12 


20 

Forward 

Transconductance 

gFS 

V DS = -10 V, l D = -0.1 A 

90 

70 


mS 

Common Source 
Output Conductance 3 

90S 

V DS = -10 V, 1 D = -0.2 A 

400 



JiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -25 V 

V GS = 0 V 

f = 1 MHz 

15 


60 

PF 

Output Capacitance 

C 0 ss 

10 


25 

Reverse Transfer 
Capacitance 

Crss 

3 


5 

SWITCHING 

Turn-On Time 

tdfON) 

V DD = -25 V, R L = 133 n, 
l D = -0.18 A , V GEN =-10 V 

R G = 25X1 

(Switching time is essentially 
independent of operating 
temperature) 

6 


10 

ns 

tr 

10 


15 

Turn-Off Time 

td(OFF) 

7 


15 

tf 

8 


20 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jis , duty cycle ^2%. 
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VP0808 SERES 


CT'Siliconix 

JmW incorporated 


P-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

rDS(ON) 

(H) 

Id 

(A) 

PACKAGE 

VP0808B 

-80 

5 

-0.88 

TO-205AD 

VP0808L 

-80 

5 

-0.28 

TO-92 

VP0808M 

-80 

5 

-0.31 

TO-237 


Performance Curves: VPDV10 (See Section 7) 


TO-92 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 



TO-205AD 


BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN & CASE 



TO-237 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN & TAB 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 3 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VP0808B 2 

VP0808L 

VP0808M 

UNITS 

Drain-Source Voltage 

Vds 

-80 

-80 

-80 

V 

Gate-Source Voltage 

Vgs 

+ 20 


+ 30 

Continuous Drain Current 

T a = 25° C 

Id 

-0.88 


-0.31 

■ 

T a = 100°C 


-0.17 

-0.20 

Pulsed Drain Current 1 

Idm 

-3 

-3 

-3 

Power Dissipation 


Pd 

6.25 

0.8 

1 

w 


2.5 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj. T s tg 

-55 to 150 

fl 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VP0808B 

VP0808L 

VP0808M 

UNITS 

Junction-to-Ambient 

P thJA 

170 

156 

125 

°C/W 


JPulse width limited by maximum junction temperature 
Reference case temperature for all testing 
3 Absolute maximum ratings have been revised 
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incorporated VP0808 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 4 

TYP 2 

VP0808 4 

UNIT 



STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = -lO^JLA 

-110 

-80 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = Vqq , Ip = -1 mA 

-3.4 

-2 

-4.5 

Gate-Body Leakage 

•gss 

V DS = 0 V 

Vqs = + 20 V 

1 

+ 1 


+100 

nA 

o 

o 

in 

CM 

ll 

h? 

+ 5 


+ 500 

Zero Gate Voltage 
Drain Current 

loss 

V DS = -80 V 


-0.0005 


-10 

J1A 

V GS = 0 V | 

Tj = 125° C 

-0.1 


-500 

On-State Drain 

Current 3 

•d(ON) 

V DS = -15 V, Vqs = -10 V 

-2 

-1.1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

v GS = -10 v 


2.5 


5 

XL 

1 D = -1 A 

Tj = 125° C 

4.3 


8 

Forward « 

T ransconductance 

9fs 

V DS = -10 V, l D = -0.5 A 

325 

200 


mS 

Common Source 
Output Conductance 3 

9os 

V DS = -7.5 V, l D = -0.1 A 

450 



.U-S 

DYNAMIC 

Input Capacitance 

ni 

V DS = -25 V 

Vqs = 0 V 
f = 1 MHz 

75 


150 

PF 

Output Capacitance 


40 


60 

Reverse Transfer 
Capacitance 

Crss 

18 


25 

SWITCHING 

Turn-On Time 

td(ON) 

V DD = -25 V, R l = 47 a 
l D = -0.5 A, V GEN = -1 0 V 

R G = 25 XL 

(Switching time is essentially 
independent of operating 
temperature) 

11 


15 

ns 

t r 

30 


40 

Turn-Off Time 


20 


30 

tf 

20 


30 


NOTES: 1. T A = 25 °C unless otherwise noted, T c = 25 °C for VP0808B. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 jjls , duty cycle £3%. 

4. Data sheet limits and/or test conditions have been revised. 
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VP1008 SERIES 

P-Channel Enhancement-Mode MOS Transistors 



PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

(O) 

Id 

(A) 

PACKAGE 

VP1008B 

-100 

5 

-0.79 

TO-205AD 

VP1008L 

-100 

5 

-0.28 

TO-92 

VP1008M 

-100 

5 

-0.31 

TO-237 


Performance Curves: VPDV10 (See Section 7) 

TO-92 BOTTOM VIEW 


1 SOURCE 

2 GATE 

3 DRAIN 




TO-205AD 


BOTTOM VIEW 



3 DRAIN & CASE 


TO-237 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN & TAB 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 3 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VP1008B 2 

VP1008L 

VP1008M 

UNITS 

Drain-Source Voltage 

Vds 

-100 

-100 

-100 

V 

Gate-Source Voltage 

Vgs 

+ 20 

+ 30 

+ 30 

Continuous Drain Current 

T A = 25°C 

Id 

-0.79 

-0.28 

-0.31 

A 

T a = 100°C 

-0.53 

-0.17 

-0.20 

Pulsed Drain Current 1 

Idm 

-3 

-3 

-3 

Power Dissipation 

T a = 25°C 

Pd 

6.25 

0.8 

1 

W 

T a = 100°C 

2.5 

0.32 

0.4 

Operating Junction and Storage Temperature 

Tj» T stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VP1008B 

VP1008L 

VP1008M 

UNITS 

Junction-to-Ambient 

P thJA 

170 

156 

125 

°c/w 


JPulse width limited by maximum junction temperature 
Reference case temperature for all testing 
3 Absolute maximum ratings have been revised 
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□TSiliconix 

Jr incorporated 


VP 1008 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 






VP1008 4 


PARAMETER 

SYMBOL 

TEST CONDITIONS 4 

TYP 2 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

v GS = 0 V, 1 

D = -io.ua 

-110 

-100 



Gate Threshold 

Voltage 

V GS(th) 

CO 

o 

> 

II 

CO 

Q 

> 

1 D = -1 mA 

-3.4 

-2 

-4.5 

V 

Gate-Body Leakage 


V DS = 0 V 


± 1 


+100 

nA 


Vos = + 20 V 

Tj = 125°C 

+ 5 


+ 500 

Zero Gate Voltage 


V DS = -100 V 


-0.0005 


-10 

MA 

Drain Current 

1 DSS 

Vqs = 0 V 

Tj = 125° C 

-0.1 


-500 

On-State Drain 

Current 3 

•d(ON) 

V DS =-15 V, V GS = -10 V 

-2 

-1.1 


A 

Drain-Source 

r DS(ON) 

V GS = -10 V 


2.5 


5 

XI 

On-Resistance 3 

i d = -ia 

Tj = 125°C 

4.3 


8 

Forward 

T ransconductance 

OPS 

V DS = -10 V, l D = -0.5 A 

325 

200 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = -7.5 V, l D = -0.1 A 

450 



MS 


DYNAMIC 


Input Capacitance 

C iss 

V DS = -25 V 

75 


150 


Output Capacitance 

^oss 

Vqs = 0 V 

f = 1 MHz 

40 


60 

PF 

Reverse Transfer 
Capacitance 

^rss 

18 


25 


SWITCHING 

Turn-On Time 

td(ON) 

V DD = -25 V, R L = 47X1 

11 


15 


t r 

1 D = -0.5 A , V GEN = -10 V 

R G = 25 xi 

30 


40 

ns 

Turn-Off Time 

td(OFF) 

(Switching time is essentially 
independent of operating 
temperature) 

o 

CM 


30 

tf 

20 


30 



NOTES: 1. T A = 25 °C unless otherwise noted, T c = 25 °C for VP1008B. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .us , duty cycle ^3%. 

4. Data sheet limits and/or test conditions have been revised. 


6-113 

























































VP2020 SERIES 

H incorporated 

P-Channel Enhancement-Mode MOS Transistors 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

TDS(ON) 

ID 


NUMBER 

(V) 

(XI) 

(A) 

PACKAGE 

VP2020L 

-200 

20 

-0.12 

TO-92 

VP2020E 

-200 

20 

-0.17 

TO-206AC 


Performance Curves: VPDQ20 (See Section 7) 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-206AC (TO-52) BOTTOM VIEW 




GATE 

DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VP2020L 

VP2020E 2 

UNITS 

Drain-Source Voltage 

Vds 

-200 

-200 

V 

Gate-Source Voltage 

Vgs 

+30 

+20 

Continuous Drain Current 

T A = 25°C 

Id 

-0.12 

-0.17 

A 

t a = ioo°c 

-0.08 

-0.10 

Pulsed Drain Current 1 

• dm 

-0.48 

-0.60 

Power Dissipation 

T a = 25°C 

Pd 

0.80 

1.50 

W 

T a = 100°C 

0.32 

0.60 

Operating Junction and Storage Temperature 

Tj. T stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VP2020L 

VP2020E 

UNITS 

Junction-to-Ambient 

P thJA 

156 

400 

°c/w 


1 Pulse width limited by maximum junction temperature 
Reference case for all temperature testing 
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_iliconix 

incorporated 


VP2020 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VP2020 

UNIT 



STATIC 

Drain-Source 
Breakdown Voltage 


Vqs = 0V, I d = -10MA 

-220 



V 

Gate Threshold 

Voltage 

1 

Yds = V GS , 1 □ = -1 mA 

-1.9 

-0.8 

-2.5 

Gate-Body Leakage 

•gss 

V DS = 0 V 


+ 1 


±10 

nA 

Vgs = + 20 V 

Tj = 125° C 

± 5 


±50 

Zero Gate Voltage 
Drain Current 

•dss 

V DS = -160 

V GS = 0 V | 


-0.02 


-1 

MA 

Tj = 125°C 

-3 


-100 

On-State Drain 

Current 3 

!d(ON) 

V DS = -10 V, V GS = -4.5 V 

-270 



mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -4.5 V 


15 


20 

XI 

l D = -100 mA 

Tj = 125° C 

27 


40 

Forward _ 

T ransconductance J 

9fs 

V DS = -10 V, l D = -100 mA 

150 

100 


mS 

Common Source 
Output Conductance 

9os 

300 



MS 

DYNAMIC 

input Capacitance 

^ iss 

V DS = -25 V 

V GS = 0 V 

f = 1 MHz 

30 


70 

PF 

Output Capacitance 

Cqss 

10 


20 

Reverse Transfer 
Capacitance 

■a 

2 


10 

SWITCHING 

Turn-On Time 

^ d(ON) 

V DD = -25 V, R L = 250 X1 
l D = -100 mA, V GEN = -10 V 

R G = 25 XI 

6 


10 

ns 

tr 

8 


15 

Turn-Off Time 

td(OFF) 

(Switching time is essentially 
independent of operating 
temperature) 

18 


30 

tf 

17 


25 


NOTES: 1 . T A = 25 °C unless otherwise noted, T c = 25 °C for VP2020E. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle ^2%. 
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VP2410 SERIES 


Silicon ix 

JLM incorporated 


P-Channel Enhancement-Mode MOS Transistors 


3 DRAIN & CASE 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VP2410L 

VP2410B 

UNITS 

Drain-Source Voltage 

VdS 

-240 

-240 

V 

Gate-Source Voltage 

Vgs 

+30 

+20 

Continuous Drain Current 

T A = 25°C 

Id 

-0.18 

-0.17 

A 

T a = ioo°c 

-0.11 

-0.10 

Pulsed Drain Current 1 

• dm 

-0.72 

-0.70 

Power Dissipation 

T a = 25°C 

Pd 

0.80 

0.73 

W 

T a = 100°C 

0.32 

0.22 

Operating Junction and Storage Temperature 

Tj> T stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

1 D 


NUMBER 

(V) 

(to) 

(A) 

PACKAGE 

VP2410L 

-240 

10 

-0.18 

TO-92 

VP2410B 

-240 

10 

-0.17 

TO-205AF 


Performance Curves: VPDV24 (See Section 7) 


TO-92 BOTTOM VIEW 



1 SOURCE 

2 GATE 

3 DRAIN 


TO-205AF BOTTOM VIEW 



THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VP2410L 

VP2410B 

UNITS 

Junction-to-Ambient 

P thJA 

156 

170 

°c/w 


1 Pulse width limited by maximum junction temperature 
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H&ZZS& VP2410 SERIES 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VP2410 

UNIT 



STATIC 

Drain-Source 
Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, lp = -5.UA 

-255 



V 

Gate Threshold 

Voltage 

V GS(th) 

Vqs = V GS , Ip = -2.5 mA 

-2.25 

-0.8 

mm 

Gate-Body Leakage 

•gss 

V DS = 0 V 

+ 1 


+ 10 

nA 

V G s = + 20 V | Tj = 125°C 

+ 5 


+ 50 

Zero Gate Voltage 
Drain Current 

•dss 

V DS = -180 V 

-0.001 


-1.0 

m 

Vqs = 0 V | Tj = 125°C 

-0.40 


-100 

On-State Drain 

Current 3 

Id(on) 

V DS = -10 V, V GS = -4.5 V 

-300 

-150 



Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -10 V, l D = -100 mA 

7 



B 

V G s = -4.5 V 

8.5 


10 

l D = -100 mA Tj = 125° C 

15.5 


20 

Forward 

T ransconductance 

9fs 

V DS = -10 V, l D = -100 mA 

175 

125 


mS 

Common Source 
Output Conductance 3 

9os 

V DS = -10 V, l D = -50 mA 

125 




DYNAMIC 

Input Capacitance 

C iss 

V DS = -25 V 

V GS = 0 V 

f = 1 MHz 

65 


95 

PF 

Output Capacitance 

^oss 

20 


30 

Reverse Transfer 
Capacitance 

Crss 

8 


15 

SWITCHING 

Turn-On Time 

tdfON) 

V DD = -25 V, R L = 250 XI 

7 


15 

ns 

t r 

l D = -100 mA, V GEN = -10 V 

R g = 25 XI 

(Switching time is essentially 
independent of operating 

18 


30 

Turn-Off Time 

tdfOFF) 

45 


70 

tf 

temperature) 

45 


60 


NOTES: 1 . T a = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 its , duty cycle 5 2%. 
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VQ1000 SERIES 


N-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

Id 


NUMBER 

(V) 

(A) 

(A) 

PACKAGE 

VQ1000J 

60 

5.5 

0.225 

Plastic 

VQ1000P 

60 

5.5 

0.225 

Side Braze 


14-PIN DIP 
SIDE BRAZE 



14-PIN PLASTIC 


Performance Curves: VNDS06 (See Section 7) 



CS'Siliconix 

JLM incorporated 


TOP VIEW 

Dual-ln-Llne Package 



ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ1000J 

VQ1000P 

UNITS 

Drain-Source Voltage 

VdS 

60 

60 

V 

Gate-Source Voltage 

Vgs 

+30 

±20 

Continuous Drain Current 

T a = 25°C 

Id 

0.225 

0.225 

A 

T a = 100°C 

0.14 

0.14 

Pulsed Drain Current 1 

Idm 

±1 

±1 

Power Dissipation - Single 

T a = 25°C 

Pd 

1.3 

1.3 

W 

T a = 100°C 

0.52 

0.52 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 

0.8 

0.8 

Operating Junction and Storage Temperature 

Tj, T st g 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ1000J 

VQ1000P 

UNITS 

Junction-to-Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature. 
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jBTincoVpTBted VQ1000 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

VQ1000 

UNIT 




STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Vqs = 0 V, l D = 100 AA 

70 

60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vds = Vqs. Id = 1 m A 

2.3 

0.8 

2.5 

Gate-Body Leakage 

■gss 

V DS = 0 V 


± 1 


+ 100 

nA 

V GS = + 10 V 

Tj = 1 25° C 

+ 5 


+ 500 

Zero Gate Voltage 

Drain Current 

Idss 

V DS = 60 V 

0.02 


10 

AA 

Vqs = o V V DS = 48 V, Tj = 125°C 

1 


500 

On-State Drain 

Current 3 

!d(ON) 

V DS = 10 V, V GS = 10 V 




mA 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 5 V, 1 D = 0.2 A 

5 


7.5 

XI 

Vqs = 10 V 


2.5 


5.5 

l D = 0.3 A 

Tj = 125° C 

4.4 


7.6 

Forward _ 

Transconductance 

9 FS 

V DS = 10 V, 1 D = 0.5 A 




mS 

Common Source 

Output Conductance 3 

9os 

V DS = 7.5 V, l D = 50 mA 




AS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

16 


60 

PF 

Output Capacitance 

Coss 

11 


25 

Reverse Transfer 
Capacitance 

Crss 

2 


5 

SWITCHING 

Turn-On Time 


V DD = 1 5 V, R L = 23 XL 
l D = 0.6 A, V GEN = 1 0 V 

R G = 25XL 

(Switching time is essentially independent 
of operating temperature) 

7 


10 

ns 

Turn-Off Time 


7 


10 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300jjls , duty cycle £2%. 
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VQ1001 SERIES 


N-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

• d 


NUMBER 

(V) 

(O) 

(A) 

PACKAGE 

VQ1001J 

30 

1 

0.85 

Plastic 

VQ1001P 

30 

1 

0.85 

Side Braze 


Performance Curves: VNDQ03 (See Section 7) 


14-PIN DIP 
SIDE BRAZE 



14-PIN PLASTIC 




TOP VIEW 

Dual-ln-Line Package 



ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ1001J 

VQ1001P 

UNITS 

Drain-Source Voltage 

Yds 

30 

30 

V 

Gate-Source Voltage 

Vgs 

+30 

+ 20 

Continuous Drain Current 

T A = 25°C 

Id 

0.85 

0.85 

A 

t a = ioo°c 

0.53 

0.53 

Pulsed Drain Current^ 1 

Idm 

+ 3 

+ 3 

Power Dissipation - Single 

T a = 25°C 

Pd 

1 .3 

1.3 

W 

t a = 100°C 

0.52 

0.52 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 

0.80 

0.80 

Operating Junction and Storage Temperature 

T j> ^stg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ1001J 

VQ1001P 

UNITS 

Junction to Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction to Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature 
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incorporated VQ1001 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

VQ1001 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 10 JlA 

65 

30 


V 

Gate Threshold 

Voltage 

V GS(th) 

v ds = V GS , Iq - 1 mA 

1.5 

0.8 

2.5 

Gate-Body Leakage 

!gss 

V DS = 0 V 


i+ 


+ 100 

nA 

V GS =+15 V 

Tj = 125°C 

+ 5 


+ 500 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 30 V 

0.0001 


10 

AA 

V GS = 0 V v DS = 24 V, Tj = 125° C 

0.2 


500 

On-State Drain 

Current 3 

•d(ON) 

V DS = 10 V, V GS = 12 V 

3 

2 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V gs = 5 V, l D = 0.2 A 

1.4 


1.75 

a 

V GS = 12 V 


0.85 


1 

l D = 1 A 

4 Tj = 125°C 

1.65 


2 

Forward 

Transconductance J 

9FS 

V DS = 10 V, l D = 0.5 A 

500 

200 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 10 V, I d = 0.1 A 

1500 



JiS 

DYNAMIC 

Input Capacitance 

C iss 

V ds = 15 V 

V GS = 0 V 

f = 1 MHz 

38 


110 

PF 

Output Capacitance 

^oss 

28 


110 

Reverse Transfer 
Capacitance 

Crss 

8 


35 

SWITCHING 

Turn-On Time 

toN 

V dd = 15 V, R L = 23T1 
l D = 0.6 A, V GEN = 10 V 

R G = 25 XI 

(Switching time is essentially independent 
of operating temperature) 

9 


30 

ns 

Turn-Off Time 

O 

Tl 

Tl 

13 


30 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjls , duty cycle £2%. 

4. This parameter has been revised from previous data sheet. 
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VQ1004 SERIES 


N-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

1 D 


NUMBER 

(V) 

(O) 

(A) 

PACKAGE 

VQ1004J 

60 

3.5 

0.46 

Plastic 

VQ1004P 

60 

3.5 

0.46 

Side Braze 


Performance Curves: VNDQ06 (See Section 7) 


14-PIN DIP 
SIDE BRAZE 



14-PIN PLASTIC 




TOP VIEW 

Dual-In-Line Package 



ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ1004J 

VQ1004P 

UNITS 

Drain-Source Voltage 

Vds 

60 

60 

V 

Gate-Source Voltage 

Vgs 

+ 30 

+ 20 

Continuous Drain Current 

T A = 25°C 

Id 

0.46 

0.46 

A 

T a = 100°C 

0.26 

0.26 

Pulsed Drain Current 1 


+ 2 

+ 2 

Power Dissipation - Single 

T a = 25°C 

Pd 

1.3 

1.3 

W 

T a = 100°C 

0.52 

0.52 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 

0.8 

0.8 

Operating Junction and Storage Temperature 

Tj» T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

t l 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ1004J 

VQ1004P 

UNITS 

Junction to Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction to Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature. 
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.Bl&SSSfei VQ1004 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

VQ1004 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, l D = 10 MA 

70 

60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Vps = Yqs ) Iq = 1 m A 

1.5 

0.8 

2.5 

Gate-Body Leakage 

■gss 

V DS = 0 V 


+ 1 


+ 100 

nA 

V GS =+15 V 

Tj = 125° C 

+ 5 



Zero Gate Voltage 

Drain Current 

•dss 

V DS = 60 V 

0.05 


1 

MA 

V GS = 0 V v DS = 48 V, Tj = 125° C 

0.3 


500 

On-State Drain 

Current 3 

lD(ON) 

V D s = 10 V, V GS = 10 V 

1.8 

1.5 


A 

Drain-Source 

On-Resistance 3 

r DS (ON) 

V gs = 5 V, 1 D = 0.3 A 

1.8 


5 

a 

v GS = 10 V 


1.3 


3.5 

l D = 1 A 

Tj = 125° C 

2.6 


4.9 

Forward 

Transconductance 

9fs 

V DS = 10 V, l D = 0.5 A 


170 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = 10 V, l D = 0.1 A 




MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 
v GS = o V 

f = 1 MHz 

35 


60 

PF 

Output Capacitance 

C oss 



50 

Reverse Transfer 
Capacitance 

Crss 

5 


10 

SWITCHING 

Turn-On Time 

toN 

V DD = 25 V, R l = 23SI 
l D = 1 A, V GEN = 10 V 

R G = 25 jfL 

(Switching time is essentially independent 
of operating temperature) 

8 


10 

ns 

Turn-Off Time 

t OFF 

9 




NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test: PW =300 .us , duty cycle ^2% 
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VQ1006 SERIES 


N-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

V (BR)DSS 

r DS(ON) 

•d 


NUMBER 

(V) 

(fi) 

(A) 

PACKAGE 

VQ1006J 

90 

4.5 

0.40 

Plastic 

VQ1006P 

90 

4.5 

0.40 

Side Braze 


Performance Curves: VNDQ09 (See Section 7) 


OTSiliconix 

JLM incorporated 


14-PIN DIP 
SIDE BRAZE 

TOP VIEW 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ1006J 

VQ1006P 

UNITS 

Drain-Source Voltage 

Vds 

90 

90 

\/ 

Gate-Source Voltage 

Vgs 

+30 

+ 20 


Continuous Drain Current , 

T a = 25°C 


0.40 

0.40 


t a = ioo°c 

1 D 

0.23 

0.23 

A 

Pulsed Drain Current 1 

Idm 

+ 2 

+ 2 


Power Dissipation - Single 

T a = 25°C 


1.3 

1.3 


T a = 100°C 

Pd 

0.52 

0.52 

W 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 


0.8 

0.8 


Operating Junction and Storage Temperature 

T j’ T stg 

-55 to 150 

— 

Lead Temperature 

(1/16" from case for 10 seconds) 

Tl 

300 

H 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ1006J 

VQ1006P 

UNITS 

Junction-to-Ambient - Single 

PthJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature. 
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iliconix 

incorporated 


VQ1006 SERIES 


ELECTRICAL CHARACTERISTICS 

1 


LIMITS 





VQ1006 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

MIN 

MAX 

UNIT 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V G s = o V, l D = ioma 

120 

90 



Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs< Id = 1 m A 

1 .6 

0.8 

2.5 


Gate-Body Leakage 

Igss 

Yds = o V 


+ 1 


+ 100 

nA 

V gs =+15 V 

Tj = 125° C 

±5 


±500 

Zero Gate Voltage 

!dss 

I V DS = 90 V | 

0.03 


1 

.M-A 

Drain Current 

1 V GS = 0 V [ 

V DS = 72 V, Tj = 125°c| 

0.3 


500 

On-State Drain 

Current 3 

•d(ON) 

v DS = 10 V, v GS = 10 V 




A 

Drain-Source 

On-Resistance 3 


V gs = 5 V, l D = 0.3 A 

4.7 


5 


r DS(ON) 

v GS = 10 V 


4.1 


4.5 

XL 



l D = 1 A 

4 Tj = 125° C 

7.7 


8.6 


Forward 

Transconductance 

9fs 

V DS = 10 V, l D = 0.5 A 




mS 

Common Source 

Output Conductance 3 

9os 

Yds = 10 V, l D = 0.1 A 




iiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = 25 V 

V GS = 0 V 

f = 1 MHz 

35 


Jgjj 


Output Capacitance 

Cqss 

15 



PF 

Reverse Transfer 
Capacitance 


2 


m 


SWITCHING 

Turn-On Time 

t ON 

V DD = 25 V, R |_ = 23 XL 

Id = 1 A, V GEN = 10 V 

Rq= 25XL 

(Switching time is essentially independent of 
operating temperature) 

6 


10 

ns 

Turn-Off Time 

tOFF 

8 




NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 .ms , duty cycle 2 2%. 

4. This parameter has been revised from previous data sheet. 


6-125 














































VQ2000 SERIES 


P-Channel Enchancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

V(BR)DSS 

rDS(ON) 

Id 


NUMBER 

(V) 

(H) 

(A) 

PACKAGE 

VQ2000J 

-60 

10 

-0.24 

Plastic 

VQ2000P 

-60 

10 

-0.24 

Side Braze 


Performance Curves: VPDS06 (See Section 7) 


CT’Siliconix 

JLmW incorporated 


14-PIN DIP 
SIDE BRAZE 

TOP VIEW 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ2000J 

VQ2000P 

UNITS 

Drain-Source Voltage 

Vds 

-60 

-60 

V 

Gate-Source Voltage 

Vgs 

+30 

+ 20 

Continuous Drain Current 

T a = 25°C 

Id 

-0.24 

-0.24 

A 

t a = ioo°c 

-0.15 

-0.15 

Pulsed Drain Current 1 

Idm 

+0.8 

+0.8 

Power Dissipation - Single 

T a = 25°C 

Pd 

1.3 

1.3 

W 

t a = ioo°c 

0.52 

0.52 

Power Dissipation - Quad 


2 

2 


0.8 

0.8 

Operating Junction and Storage Temperature 

Tj* T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ2000J 

VQ2000P 

UNITS 

Junction-to-Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature 
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ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VQ2000 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = o V, l D = -10 J1A 

-70 

-60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs » Id = ~1 m A 


-1 

-3 

Gate-Body Leakage 

1 GSS 

V DS = 0 V 


±1 


+ 10 

nA 

V GS = +20 V 

Tj = 125° C 

±5 


+ 50 

Zero Gate Voltage 

Drain Current 

*DSS 

V DS = -48 V 


-0.02 


-1 

AA 

V GS = o v 

Tj = 125° C 

-0.2 


-200 

On-State Drain 

Current 3 

•d(ON) 

V DS = -10 V, V GS = -4.5 V 


-40 



Drain-Source 

On-Resistance 3 

r DS(ON) 

Yqs = -4.5 V, 1 D = -25 mA 

15 


25 

Q 

V GS = -10 V 


8 


10 

1 D = -0.25 A 

Tj = 125° C 

15 


20 

Forward 

T ransconductance 

9fs 

V DS = -1 0 V, 1 D = -0.1 A 

90 

60 



Common Source 

Output Conductance 3 

9os 

V DS =-10 V, l D = -0.1 A 

400 



B9! 

DYNAMIC 

Input Capacitance 


V DS = -25 V 

V GS = 0 V 

f = 1 MHz 

15 


60 

PF 

Output Capacitance 


10 


25 

Reverse Transfer 
Capacitance 

i 

3 


5 

SWITCHING 

Turn-On Time 

td(ON) 

V DD = -25 V, R L = 133.0, 
l D = -0.18 A, V GEN = -10 V 

R G = 25 XL 

(Switching time is essentially 
independent of operating 
temperature) 

6 


15 

ns 

tr 

10 


20 

Turn-Off Time 

^d(OFF) 

7 


15 

tf 

8 


20 


NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jjls , duty cycle ^2%. 
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VQ2001 SERIES 


CJ'Siliconix 

M Hr incorporated 


P-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


Performance Curves: VPMH03 (See Section 7) 


ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ2001J 

VQ2001P 

UNITS 

Drain-Source Voltage 

Vds 

-30 

-30 

V 

Gate-Source Voltage 

Vgs 

+30 

+ 20 

Continuous Drain Current 

T A = 25°C 

Id 

-0.6 

-0.6 

A 

t a = ioo°c 

-0.12 

-0.12 

Pulsed Drain Current 1 

• dm 

+ 2 

+ 2 

Power Dissipation - Single 

T a = 25°C 

Pd 

1.3 

1.3 

W 

T a = 100°C 

0.52 

0.52 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 

0.8 

0.8 

Operating Junction and Storage Temperature 

Tj, T s tg 

-55 to 150 

°C 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


PART 

V(BR)DSS 

r DS(ON) 

• D 


NUMBER 

(V) 

<n) 

(A) 

PACKAGE 

VQ2001J 

-30 

2 

-0.6 

Plastic 

VQ2001P 

-30 

2 

-0.6 

Side Braze 


14-PIN DIP 
SIDE BRAZE 

TOP VIEW 



THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ2001J 

VQ2001P 

UNITS 

Junction-to-Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature. 
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TESSAS VQ2001 SERIES 


| ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

VQ2001 

UNIT 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

v GS = 0 V, l D = -10.UA 

-55 

-30 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs - Id = "1 m A 


-2 

B 

Gate-Body Leakage 

*GSS 

V DS = 0 V 


+ 1 



nA 

V gs =+16V 

Tj = 125° C 

+ 5 


+500 

Zero Gate Voltage 

Drain Current 

Idss 

V DS = -30 V 


-0.0001 


-10 


V GS = 0 V 

Tj = 125°C 

-0.3 


-500 

On-State Drain 

Current 3 

!d(ON) 

Vds = -10V, V gs = -12 V 

-1.6 

-1.5 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = -12 V 


1.8 


2 


l D = -1 A 

Tj = 125° C 

3.1 


3.6 

Forward 

Transconductance' 3 

9FS 

V DS =-10 V, l D = -0.5 A 

290 

200 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = -7.5 V, l D = -0.05 A 

800 



iiS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -15 V 

V GS = 0 V 

f = 1 MHz 

130 


150 

PF 

Output Capacitance 

C oss 

75 


100 

Reverse Transfer 
Capacitance 

Crss 

20 


60 

SWITCHING 

Turn-On Time 

t ON 

V DD = -15 V, R l = 23 XL 

Id = -0.6 A, V G en = -10 V 

R G = 25 XL 

(Switching time is essentially independent of 
operating temperature) 

18 


30 

ns 

Turn-Off Time 

* OFF 

13 


30 


NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW =300 its , duty cycle £2%. 
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VQ2004 SERIES 


CZ'Siliconix 

JmW incorporated 


P-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

V(BR)DSS 

r DS(ON) 

Id 


NUMBER 

(V) 

<n) 

(A) 

PACKAGE 

VQ2004J 

-60 

5 

-0.41 

Plastic 

VQ2004P 

-60 

5 

-0.41 

Side Braze 


14-PIN DIP 
SIDE BRAZE 



14-PIN PLASTIC 


Performance Curves: VPDV10 (See Section 7) 



TOP VIEW 

Dual-ln-Line Package 



ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ2004J 

VQ2004P 

UNITS 

Drain-Source Voltage 

Vds 

-60 

-60 

V 

Gate-Source Voltage 

Vgs 

±30 

±20 

Continuous Drain Current 

T a = 25° C 

Id 

-0.41 

-0.41 

A 

O 

o 

O 

O 

II 

< 

h- 

-0.23 

-0.23 

Pulsed Drain Current 1 

Idm 

±3 

±3 

Power Dissipation - Single 

T a = 25°C 

Pd 

1.3 

1.3 

W 

T a = 100°C 

0.52 

0.52 

Power Dissipation - Quad 

T A = 25°C 

2 

2 

T a = 100°C 

0.8 

0.8 

Operating Junction and Storage Temperature 

Tj , T s tg 

-55 to 150 

■ 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ2004J 

VQ2004P 

UNITS 

Junction-to-Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature. 
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gOTSiliconix 

&JW incorporated 


VQ2004 SERIES 


ELECTRICAL CHARACTERISTICS 1 

LIMITS | 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VQ2004 4 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

V GS = 0 V, 1 D = -10 JiA 

-110 

-60 


V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = Yqs . Ip = ~1 m A 

lEH 

-2 

-4.5 

Gate-Body Leakage 

■gss 

V DS = 0 V 

ZZ 

+ 1 


+ 100 

nA 

V GS = +30 V 


± 5 



Zero Gate Voltage 

Drain Current 

loss 

V DS = -60 V 


-0.0005 


-10 

JIA 

V GS = 0 V 

Tj = 125° C 

-0.1 


-500 

On-State Drain 

Current 3 

'd(ON) 

V DS = -10 V, Vq S = -10 V 

-2 

-1 


D 

Drain-Source 

On-Resistance 3 

r DS (ON) 

v GS = -io V 


2.5 


5 

SI 

l D = -1 A 

Tj = 125° C 

4.3 


8 

Forward - 

T ransconductance J 

9fs 

V DS = -10 V, l D = -0.5 A 

325 



mS 

Common Source 

Output Conductance 3 

9os 

V DS = -7.5 V, l D = -0.1 A 

450 



.U-S 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -25 V 

V GS = o V 

f = 1 MHz 




PF 

Output Capacitance 

C 0 ss 

40 



Reverse Transfer 
Capacitance 

C r ss 

18 


25 

SWITCHING 

Turn-On Time 

td(ON) 

V DD = -25 V, R l = 47 Tl 
l D = -0.5 A, V GEN =-10 V 

R g = 25 n 

(Switching time is essentially 
independent of operating 
temperature) 

11 


15 

ns 

t r 

30 


40 

Turn-Off Time 

tcKOFF) 

20 


30 

tf 

20 


30 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 jis , duty cycle £2%. 

4. Data sheet limits have been revised. 
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VQ2006 SERIES 


P-Channel Enhancement-Mode MOS Transistor 
Arrays 

PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

rDS(ON) 

(fl) 

1 D 

(A) 

PACKAGE 

VQ2006J 

-90 

5 

-0.41 

Plastic 

VQ2006P 

-90 

5 

-0.41 

Side Braze 


Performance Curves: VPDV10 (See Section 7) 


Siliconix 

incorporated 


14-PIN DIP 
SIDE BRAZE 

TOP VIEW 




ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ2006J 

VQ2006P 

UNITS 

Drain-Source Voltage 

v D s 

-90 

-90 

V 

Gate-Source Voltage 

Vgs 

+30 

+20 

Continuous Drain Current 

T A = 25°C 

1 r-. 

-0.41 

-0.41 


T A = ioo°c 

1 D 

-0.23 

-0.23 

A 

Pulsed Drain Current 1 


+ 3 

+ 3 


Power Dissipation - Single 

T a = 25°C 


1.3 

1.3 


T a = 100°C 

Pd 

0.52 

0.52 

W 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 


0.8 

0.8 


Operating Junction and Storage Temperature 

T j» T s tg 

-55 to 150 

mm 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

H 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ2006J 

VQ2006P 

UNITS 

Junction-to-Ambient - Single 

PthJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature 

) 
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i n c □ r p □ r a t e d VQ2006 SERIE 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 

TYP 2 

VQ2006 4 

UNIT 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 


v GS = 0 V, l D = -10 ma 

-110 

-90 


| 

Gate Threshold 

Voltage 


Vqs = Vqs, Id = "1 m A 

-3.4 

-2 

-4.5 

Gate-Body Leakage 

i 

v DS = 0 V 


+ 1 


±100 


V gs =+30V 

Tj = 125° C 

± 5 


+ 500 

Zero Gate Voltage 

Drain Current 

1 DSS 

V DS = -90 V 


-0.0005 


-10 

8 

V GS = 0 V 

Tj = 125° C 

-0.1 


-500 

On-State Drain 

Current 3 

>D(ON) 

v DS = -10 V, V GS = -10 V 

-2 

-1 


A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

> 

o 

it 

CO 

CD 

> 


2.5 


5 

XI 

l D = -1 A 

Tj = 125°C 

4.3 


8 

Forward 

T ransconductance d 

9fs 

V DS = -10 V, l D = -0.5 A 

325 

200 


mS 

Common Source 

Output Conductance 3 

9os 

V DS = -7.5 V, l D = -0.1 A 

450 



MS 

DYNAMIC 

Input Capacitance 

C iss 

V DS = -25 V 

V GS = 0 V 

f = 1 MHz 

75 


150 


Output Capacitance 

^oss 

40 


60 

PF 

Reverse Transfer 
Capacitance 

^rss 

18 


25 

SWITCHING 

Turn-On Time 

td(ON) 

V DD = -25 V, R l = 47X1 

11 


15 

ns 

tr 

Id = -0.5 A, V G e N = -10 V 

R G = 25XL 

(Switching time is essentially 
independent of operating 
temperature) 

30 


40 

Turn-Off Time 

td(OFF) 

20 


30 

tf 

20 


30 


NOTES: 1. T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 ms , duty cycle £2%. 

4. Data sheet limits have been revised. 
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CT'Siliconix 

.^Lir incorporated 


VQ3001 SERIES 


N- and P-Channel Enhancement-Mode MOS 
Transistor Arrays 

PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

(A) 

1 D 

(A) 

PACKAGE 

VQ3001J 

30/-30 

N = 1 

P = 2 

N = 0.85 

P = 0.6 

Plastic 

VQ3001P 

30/-30 

N = 1 

P = 2 

N = 0.85 

P = 0.6 

Side Braze 


14-PIN DIP 
SIDE BRAZE 



14-PIN PLASTIC 



TOP VIEW 

Dual-ln-Llne Package 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ3001J 

VQ3001P 

UNITS 

N-Channel 

P-Channel 

N-Channel 

P-Channel 

Drain-Source Voltage 

Vds 

30 

-30 

30 

-30 

V 

Gate-Source Voltage 

v G s 

±30 

±30 

±20 

±20 

Continuous Drain Current 

T A = 25°C 

Id 

±0.85 

± 0.6 


± 0.6 

A 

T A = 100°C 

± 0.52 

± 0.37 

± 0.52 

± 0.37 

Pulsed Drain Current 1 


±3 

±2 

±3 

±2 

Power Dissipation - Single 

T A = 25°C 

Pd 

1.3 

1.3 

W 

T A = 100°C 

0.52 

0.52 

Power Dissipation - Quad 

T a = 25°C 

2 

2 

T a = 100°C 

0.8 

0.8 

Operating Junction and 

Storage Temperature 

Tj* T s tg 

-55 to 150 

D 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ3001J 

VQ3001P 

UNITS 

Junction-to-Ambient - Single 

RthJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature 
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VQ3001 SERIES 


Siliconix 

incorporated 


ELECTRICAL CHARACTERISTICS 1 

LIMITS 

PARAMETER 

SYMBOL 

TEST CONDITIONS 5 

N-Channel 

P-Channel 

UNIT 

TYP 2 

MIN 

MAX 

TYP 2 

MIN 

MAX 

STATIC 

Drain-Source 

Breakdown Voltage 

V (BR)DSS 

Vqs = 0 V, l D = 10 mA 

55 

30 


-55 



V 

Gate Threshold 

Voltage 

V GS(th) 

Yds = V GS , Id = 1 m A 

2 

0.8 

2.5 


1 

m 

Gate-Body Leakage 

■gss 

V DS = 0 V 


± 0.1 


± 100 

+ 0.1 


+ 100 

nA 

V GS =+16 V 

Tj = 125°C 

±5 


±500 

±5 


± 500 

Zero Gate Voltage 

Drain Current 

•dss 

V DS = 24 V 


3 


10 

-0.005 


-10 

MA 

V GS = 0 V 

Tj = 125°C 




-0.5 


-500 

On-State Drain 

Current 3 

!d(ON) 

V DS = 10 V, V GS = 12 V 




B 



A 

Drain-Source 

On-Resistance 3 

r DS(ON) 

V GS = 12 V 




1 

ni 


2 

XI 

l D = 1 A 

Tj = 125° C 

1.4 


1.75 

KB 


3.5 

Forward 

Transconductance 

9fs 

V DS = 10 V, l D = 0.5 A 




280 

200 


mS 

DYNAMIC 

Input Capacitance 


V DS = 15 V 

V GS = 0 V 

f = 1 MHz 

85 


110 

130 


150 

PF 

Output Capacitance 

| 

83 


110 

75 


100 

Reverse Transfer 
Capacitance 

m 

20 


35 

20 


60 

SWITCHING 4 

Turn-On Time 

^ ON 

V DD = 15 V, R l = 23 ^ 
l D = 0.65 A, V GEN = 10 V 
R g = 25 XT 

10 



18 


30 

ns 

Turn-Off Time 

t OFF 


■ 

30 

26 

B 

30 



NOTES: 


1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse Test: Pulse Width < 300 Msec, Duty Cycle < 2%. 

4. Switching time is essentially independent of operating temperature. 

5. Test conditions are at (-) polarities. 
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VQ7254 SERIES 

N- and P-Channel Enhancement-Mode MOS 
Transistor Arrays 


PRODUCT SUMMARY 


PART 

NUMBER 

V(BR)DSS 

(V) 

r DS(ON) 

Ql + Q 2 
or 

Q 3 + Q 4 

Id" 

(A) 

PACKAGE 

VQ7254J 

20/-20 

3a 

2 

Plastic 

VQ7254P 

20/-20 

3 a 

2 

Side Braze 


14-PIN DIP 
SIDE BRAZE 



14-PIN PLASTIC 



TOP VIEW 


Dual-In-Line Package 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


PARAMETERS/TEST CONDITIONS 

SYMBOL 

VQ7254J 

VQ7254P 

UNITS 

N-Channel 

P-Channel 

N-Channel 

P-Channel 

Drain-Source Voltage 

Vds 

20 

-20 

20 

-20 

V 

Gate-Source Voltage 

Vgs 

±30 

±30 

±20 

±20 

Continuous Drain Current (T A = 25°C) 

• d 

2 

-2 

2 

-2 

A 

Pulsed Drain Current 1 

1dm 

±3 

±3 

±3 

±3 

Power Dissipation - Single 

T a = 25°C 

p d 

1.75 

1.75 

1.75 

1.75 

W 

T a = 80° C 

1.05 

1.05 

1.05 

1.05 

Operating Junction 

T J 

-40 to 100 

°C 

Storage Temperature 

T stg 

-40 to 150 

Lead Temperature 

(1/16” from case for 10 seconds) 

Tl 

300 

Thermal Coupling Factor - Single 
(K) — Q 1 — Q 4 or Q 2 -Q 3 


60 

% 

Thermal Coupling Factor - Single 
(K)-Qi -Q 2 -Q 3 -Q 4 , Q-|-Q3orQ2-Q4 


50 


THERMAL RESISTANCE 


THERMAL RESISTANCE 

SYMBOL 

VQ7254J 

VQ7254P 

UNITS 

Junction-to-Ambient - Single 

P thJA 

96.2 

96.2 

°c/w 

Junction-to-Ambient - Quad 

62.5 

62.5 


1 Pulse width limited by maximum junction temperature 
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NOTES: 1 . T A = 25 °C unless otherwise noted. 

2. For design aid only, not subject to production testing. 

3. Pulse test; PW = 300 ,us , duty cycle £2%. 

4. r DS (ON) ancl v ds(ON) limits are not specified for individual transistors but are measured as the sum 
of a n- and p-channel pair. 

5. Switching time is essentially independent of operating temperature. 

6. Reverse polarity for p-channel devices. 
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General Information 
Cross Reference 
Selector Guide 
JFETs 
DMOS 
Low Power MOS 
Performance Curves 
Package Outlines 
Applications 

Worldwide Sales Offices and Distributors 



fHTSiliconix 

^MmMr incorporated 


DMCA/B 


N-Channel Enhancement-Mode DMOS FET 


DESIGNED FOR: 

• Ultra-High Speed Switching 

TYPE 

PACKAGE 

DEVICE 

• High Gain Amplifiers 

Single 

TO-72 

• 

SD210DE, SD211DE, 
SD212DE, SD213DE, 
SD214DE, SD215DE 

FEATURES 


SOT-143 

• 

SST211, SST213, 

• < 1 ns Switching toN 




SST215 

Ultra-Low Capacitance Cq < 3.5 pF 
• 9fs (gain) > 10000 jimhos 

Quads 

Dual-In-Line 

16-Pin Side 

9 

SD5000I, SD5001I, 
SD5002I 



Braze 





Dual-In-Line 

O 

SD5000N, SD5001N, 



16-Pin 

Plastic 


SD5002N 



Surface 

• 

SD5400CY, 



Mount 


SD5401CY, 

SD5402CY 



Chip/ 

• 

Available as above 



Wafer 


specifications 


GEOMETRY DIAGRAMS 



Note: For Switching Circuit 

See LPD-10 (Section 9) 


DMCA Quad 
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DMCA/B 


CX'Siliconix 

JmW incorporated 


TYPICAL CHARACTERISTICS 













CT'Siliconix 

JLJm incorporated 


TYPICAL CHARACTERISTICS 


DMCA/B 












DMCA/B 


CT'Siliconix 

JkmM incorporated 


TYPICAL CHARACTERISTICS 



100 1 K 



100 1 K 


FREQUENCY (MHz) 


FREQUENCY (MHz) 




100 IK 100 IK 


FREQUENCY (MHz) 


FREQUENCY (MHz) 



0 1 2 3 4 5 6 7 

FALL TIME, t f (ns) 
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Siliconix 

incorporated 


DMCD 


N-Channel Depletion-Mode MOSFET 

DESIGNED FOR: 

• High Gain Amplification 

• Analog Switching 

FEATURES 

• High 9fs > 10 mS (Typically) 




-5 







DMCD 



TYPICAL CHARACTERISTICS (DEPLETION-MODE) 












DMCD 



TYPICAL CHARACTERISTICS (ENHANCEMENT-MODE) 






DMCD 


iliconix 

incorporated 


TYPICAL CHARACTERISTICS (ENHANCEMENT-MODE) 









Siliconix 

incorporated 


MRA 


P-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

• Analog and Digital Switching 

• General Purpose Amplifiers 

• Smoke Detectors 


FEATURES 

• High Gate Transient Voltage Breakdown 
Eliminates need for Gate Protective 
Diode 

• Ultra-High Input Imedance 

• Normally Off 



GEOMETRY DIAGRAM 











MRA 


TYPICAL CHARACTERISTICS 


Siliconix 

incorporated 


Output Characteristics 


Transfer Characteristics 


— B 

■■■ 

m 

m 

■IB 

m 

m 



r/i 

s 

mrxm 

wrvzk 
i Jism 

m 

m 

m 

1 





Low-Level Output Characteristics 


mmi 


mmmmMrjsmmal 


VBSHEm 

msam 

mmm 
wvjwm 
mam 


Common-Source Forward Transconductance 
vs Drain Current 





SB 

■■mi 

*«•««' 

ill 

53 

SSBSSSS 1 


ISS 

III 

nmi 
limn ii 

llll 

■■■■ 

• •■a 

till 

III! 

llll 

llll 

llll 

llll 

llll 

a s 

5 £ 

SS»! 

Ill 

i" 

I! 

HI 

■ ■ 

■ 1 

1! 

iiinni i 1 

in i 

^ss=a 

si 

IHHI 

■ MH 


= ■ 

ESS MM 


mmm m \ 


ii 

» 

M 

■ I 

III ■ 

■ 

mm i 1 

■iii 

II 

111 


hi mi 1 1 


> 

CO 

o 

> 

Id (mA) 

Common-Source Output Conductance 
vs Drain Voltage 

Common-Source Output Conductance 
vs Drain Current 


' 1 D(ON) = -10 mA 



IIIKSSil 


■■■in 


■■III 


mm 


!■■■■ 

Mill 










TYPICAL CHARACTERISTICS 





NBB 


CX'Siliconix 

JmmM incorporated 


N-Channel JFET Circuit 


DESIGNED FOR: 

• Pre-Amplifiers 

• Infrared Detectors 


FEATURES 

• Low Leakage < 2 pA Typically 

• Low Noise < 10 nV/VHz at 10 Hz 


TYPE 

PACKAGE 

DEVICE 

Single 

SOT-143 

• SST6908, SST6909, 



SST6910 


TO-72 

• 2N6908, 2N6909, 



2N6910 


GEOMETRY DIAGRAM 



7-12 








Siliconix 

incorporated 


NBB 


TYPICAL CHARACTERISTICS 


•dss 

(mA) 


Drain Current & Transconductance 



r DS 

(Ml) 


On-Resistance & Output Conductance 
vs. Gate-Source Cutoff Voltage 



40 


20 


(MS) 


0 


0 -1 -2 -3 -4 -5 


V GS(OFF) (V) 


Common-Source Forward 
Transconductance vs. Drain Current 



Equivalent Input Noise Voltage vs. Frequency 
50 


40 


30 

e n 

(nV/ V hz ) 
20 


10 


0 

0.01 0.1 1 10 100 
f (kHz) 




Id (mA) 


n 


3 
















tfX Siliconix 

JLM incorporated 


TYPICAL CHARACTERISTICS 


NBB 






NCB 


CT* Si lie on ix 

incorporated 


N-Channel JFET 


DESIGNED FOR: 

e Analog Switches 

• Commutators 

• Choppers 

• Voltage Controlled Resistors 

• Integrator Reset Switch 


FEATURES 

• High Speed toN < ^0 ns 

• High Off-Isolation Ip (OFF) < 100 pA 

• No Offset or Error Voltages Generated 
by Closed Switch. Purely Resistive. 
High Isolation Resistance from Driver 


GEOMETRY DIAGRAM 


J 0-004 L 
1 ( 0 . 102 ) 



0.021 

( 0 . 533 ) 


Gate also backside contact 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• 2N5638, 2N5639, 
2N5640 

Jill, J12, J113 

J111A, J112A, 

J113A 

PN4091 , PN4092, 
PN4093 

PN4391 , PN4392, 
PN4393 

U1897, U1898, 

U1899 


SOT-23 

• SST111, SST112, 
SST113 

SST4091 , SST4092, 
SST4093 

SST4391 , SST4392, 
SST4393 

SST4856, SST4857, 
SST4858, SST4859, 
SST4860, SST4861 


TO-18 

• 2N4091 , 2N4092, 
2N4093 

2N4391 , 2N4392, 
2N4393 

2N4856, 2N4857, 
2N4858, 2N4859, 
2N4860, 2N4861 
2N4856A, 2N4857A, 
2N4858A, 2N4859A, 
2N4860A, 2N4861A 
VCR2N 

Dual 

TO-71 

• 2N5564, 2N5565, 
2N5566 

Single 

Chip 

• All of the above 
specifications are 
available 

Dual 

Chip 

• 2N5566 specification 
available 
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fTT'Siliconix 

JLM incorporated 


NCB 
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Siliconix 

incorporated 











'Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 


NCB 
















NCB 


Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 









Siliconix 

incorporated 


NCB 


TYPICAL CHARACTERISTICS 


(mS) 



100 200 500 1000 

FREQUENCY (MHz) 


(mS) 



100 200 500 1000 

FREQUENCY (MHz) 
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NCL 


fnrSiliconix 

JmW incorporated 


N-Channel JFET Current Regulator Diode 


DESIGNED FOR: 

• Current Regulation 

• Current Limiting 

• Biasing 


FEATURES 

• Simple Two Lead Current Source 

• 1 to 100 V Operation 

• 0 Temperature Coefficient 

• Simplifies Floating Current Sources 
No power supplies required 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• J501 , J502, J503 f 



J505, J506, J507, 
J508, J509, J510, 

J51 1 

J553, J554, J555, 
J556, J557 


Chip 

• Available as above 



specifications 


GEOMETRY DIAGRAM 
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NCL 



TYPICAL CHARACTERISTICS 


■f 

(mA) 


Output Current vs. Forward Voltage 



0 1 2 3 4 5 


V F (V) 


>F 

(mA) 


Output Current vs. Forward Voltage 



V F (V) 


I F 

(mA) 



-55 -35 -15 5 25 45 65 85 105 125 


Tj (°C) 


Dynamic Impedance vs. Regulator Current 

100 


10 


Z d 

(Mil) 


1 


0.1 

0.1 1 10 

If (mA) 




0.1 1 10 

If (mA) 


Limiting Voltage @ 0.8 l F 
vs. Regulator Current 



0.1 1 10 

If (mA) 
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NCL 


CT'Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 


Temperature Coefficient vs. Regulator Current 



0.1 1 10 
If (mA) 


r DS(ON) 
(kSl) 


On-Resistance vs. Regulator Current 



0 2.5 5 

If (mA) 


C T 

(PF) 



0 10 20 30 40 50 


V F (V) 
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Siliconix 

incorporated 


NH 


N-Channel JFET 


DESIGNED FOR: 

• VHF/UFF Amplifiers 

• Oscillators 

• Mixers 

• Low Input Capacitance High Speed Switch 


FEATURES 

« Low Noise 

nF = 3 dB Typical at 400 MHz 
• Wideband High gf S /Cj SS Ratio 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• 2N3819 

2N5484, 2N5485, 
2N5486 

BF244A, BF244B, 
BF244C 

BF245A.BF245B, 

BF245C 

J304, J305 

PN4416 


SOT-23 

• SST4416 


TO-72 

• 2N441 6, 2N4416A 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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CT’Siliconix 

JLM incorporated 


NH 

TYPICAL CHARACTERISTICS 


Drain Current & Transconductance 

vs. Gate-Source Cutoff Voltage Leakage Current vs. Drain Voltage 
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CX'Siliconix 

incorporated 

TYPICAL CHARACTERISTICS 
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NH 


TYPICAL CHARACTERISTICS 


Siliconix 

incorporated 









TYPICAL CHARACTERISTICS 
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NIP 

N-Channel JFET 



DESIGNED FOR: 

• Low ON Resistance Analog Switches 

• Commutators 

• Choppers 

• Integrator Reset Capacitors 

• Low Noise Audio Amplifiers 


FEATURES 

• Low Insertion Loss 

• Small Error in Measurement Systems 
VDS(on) < 50 mV (2N5432) 

• High Off-Isolation Id(OFF) < 200 pA 
© High Speed td(on) < 4 ns 

Low Noise Audio-Frequency Amplification 
e n < 2 nV/\/Hz at 1 kHz 



GEOMETRY DIAGRAM 
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'Siliconix 

1 incorporated 


TYPICAL CHARACTERISTICS 


NIP 


On-Resistance & Drain Current 
vs. Gate-Source Cutoff Voltage 
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CZ'Siliconix 

JLM incorporated 


NIP 

TYPICAL CHARACTERISTICS 



















CT" Silicon ix 

JLM incorporated 


TYPICAL CHARACTERISTICS 


NIP 
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fTT’Siliconix 

^LM incorporated 


TYPICAL CHARACTERISTICS 
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CZ'Siliconix 

JLM incorporated 


NKL 


N-Channel JFET Current Regulator Diode 


DESIGNED FOR: 

® Current Regulation 
® Current Limiting 
® Baising 

• Low Voltage References 


FEATURES 

o Simple Two Leaded Current Source 
© Current Insensitive to Temperature 
Changes 

o Tempurature Coefficient Better than 
0.15 %f° on all Devices 
© Simplifies Floating Current Sources 
No Power Supply Required 


TYPE 

PACKAGE 

DEVICE 

Single 

TO- 18 

• CR022 through 



CR062 

CRR0240 through 
CRR0560 


Chip 

• Available as above 



specifications 


GEOMETRY DIAGRAM 



Cathode is backside contact 





NKL 


CT'Siliconix 

JLM incorporated 

TYPICAL CHARACTERISTICS 


>F 

(mA) 


Output Current vs. Forward Voltage 



0 1 2 3 4 5 


V F (V) 


■f 

(mA) 



0 50 100 

V F (V) 


•f 

(mA) 



-55 -35 -15 5 25 45 65 85 105 125 

Tj (°C) 



0.1 1 10 
l F (mA) 


Dynamic Impedance vs. Regulator Current 

100 * 


10 


Z d 

(MXL) 


1 


0.1 

0.1 1 10 
l F (mA) 



V L 

(V) 


Limiting Voltage @ 0.8 l F 
vs. Regulator Current 



0.1 1 10 
l F (mA) 


7-36 










N-Channel JFET Current Regulator Diode 


DESIGNED FOR: 

• Current Regulation 

• Current Limiting 

• Baising 

• Low Voltage References 


FEATURES 

• Simple Two Leaded Current Source 

• Current Insensitive to Temperature 
Changes 

• Tempurature Coefficient Better than 
0.15 %/° C on all Devices 

• Simplifies Floating Current Sources 
No Power Supply Required 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-18 

• CR068 through 



CR150 

CRR0800 through 
CRR1250 


Chip 

o Available as above 



specifications 


GEOMETRY DIAGRAM 



Cathode is backside contact 
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Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 


NKM 
















Siliconix 

incorporated 


NKO 


N-Channel JFET Current Regulator Diode 


DESIGNED FOR: 

• Current Regulation 

• Current Limiting 

• Baising 

• Low Voltage References 


FEATURES 

• Simple Two Leaded Current Source 

• Current Insensitive to Temperature 
Changes 

• Tempurature Coefficient Better than 
0.15 %/° C on all Devices 

• Simplifies Floating Current Sources 
No Power Supply Required 


TYPE 

PACKAGE 

DEVICE 

Single 

TO- 18 

• CR160 through 



CR530 

CRR1950 through 
CRR4300 


Chip 

• Available as above 



specifications 


GEOMETRY DIAGRAM 
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fnrSiliconix 

JLM incorporated 


NKO 


TYPICAL CHARACTERISTICS 


Output Current vs. Forward Voltage 
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_iiliconix 

incorporated 


NKO 






NNR 


Siliconix 

incorporated 


N-Channel JFET Dual Monolithic 


DESIGNED FOR: 

• FET Input Amplifiers 

• Low and Medium Frequency Amplifiers 

• Impedance Converters 

• Precision Instrumentation Amplifiers 

• Comparators 


FEATURES 

• Minimum System Error and Calibration 
5 mV Offset (U401) 

95 dB Minimum CMRR 

• Low Drift with Temperature 
10 *iV/°C (U401 ) 

• Simplifies Amplifier Design 
Output Conductance < 2 jj.S 

• Low Noise 

e n = 6 nV/v/Hz at 10 Hz Typical 


TYPE 

PACKAGE 

DEVICE 

Dual 

SOIC-8 

• SST404, SST405, 
SST406 


TO-71 

e 2N6905, 2N6906, 
2N6907 

U401 , U402, U403, 
U404, U405, U406 


Chip 

• Available as above 
specifications for 
U404, U405, & 
U406 only 


GEOMETRY DIAGRAM 
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Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 
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fCT'Siliconix 

JLM incorporated 


TYPICAL CHARACTERISTICS 


NNR 


Voltage Differential with Temperature 
vs. Drain Current 
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vs. Drain Current 


100 


a| v gsi - V GS2| 

At 

(JIV/°C) 


10 


Si 

l 

■SHE 

llll 

llll 

jjjj 

| 

a 

■ 

■ 

■ 

■ 

■ 


■ 



Hi 

■ 

■ 

■ 

■ 


B 


■9 

■ 

■ 

■ 

■ 

■ 


His 

m 

■ 

■ 

a 

l 

■ 

j 

HHS 


■ 

■ 





HI 

m 

9 

1 

1 

1 

! 

1 

H 

5 

■ 

i 

1 

1 

i 


■ 

i 

I 

! 

i 

i 


■ 

■ 



■ 

■ 

■ 

1 

■ 


| 

j 

1 

■ 


■ 

i 

i 

■ 

■ 

1 

■ 

i 


5S5 

■S 


S 

5 

■ 

■ 

■ 

■ 

i s 

si 

si 

s 

■i 

■ 

■ 





mm 

m 

■ 

■ 

■ 

— — 

ss 

s 

■ 



■ 


Bi 


| 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


iSs 


s 

II 

!■ 

i 

i 

i 

SHI 

Si 

■ 

■ 

■ 

■ 

■ 


Si 

Si 

■ 

i 

i 

\ 

i 

i 

HI 

■ 

■ 

1 

1 

i 

i 


HI 

■ 

3 

■ 

■ 

1 

1 

1 

i 

i 


■ 

1 

i 

1 

1 

i 

i 

i 


0.01 


0.1 


I d (mA) 


CMRR 

(dB) 



0.01 0.1 1 


I D (mA) 



0.01 0.1 1 
l D (mA) 


Common-Source Input Capacitance 
vs. Gate-Source Voltage 



0 -10 -20 


V GS (V) 


Circuit Voltage Gain vs. Drain Current 



0.01 0.1 1 
l D (mA) 


Common-Source Reverse Feedback 
Capacitance vs. Gate-Source Voltage 



0 -10 -20 
V GS (V) 


n 


7-47 





NNT 


CX'Siliconix 

JLM incorporated 


N-Channel JFET Dual Monolithic 


DESIGNED FOR: 

• Ultra Low Leakage FET Input Op Amps 

• pH Meters 

• Electrometers 


FEATURES 

• Ultra-High Input Impedance 

• Good Voltage Gain 
® Low Noise 


TYPE 

PACKAGE 

rsr-i /iAr 

UCV IV/C 

Dual 

TO-78 

• U421, U422, U423, 



U424, U425, U426 


Chip 

• Available as above 



specifications for 
U423, U424, U425, 
U426 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 



Drain Current & Transconductance 
vs. Gate-Source Cutoff Voltage 
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CT'Siliconix 

JLM incorporated 











fQTSiliconix 

incorporated 


TYPICAL CHARACTERISTICS 


NNT 











NNZ 


ex' Silicon ix 

JmM incorporated 


N-Channel JFET 


DESIGNED FOR: 

• High Frequency Amplifiers 

• Mixers 

• Oscillators 

• Hybrid Op Amps 


FEATURES 

• High Gain 

• Low Input Capacitance 


TVpE 

PACKAGE 

DEVICE 

Dual 

SOIC-8 

• SST440, SST441 
SST5912 


TO-71 

• U440, U441 


TO-78 

• 2N5911, 2N5912 

U443, U444 


Chip 

• Available as above 
specifications for 
2N5912, U440, 

U441, 1)443, U444 


GEOMETRY DIAGRAM 
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'Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 
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iliconix 

incorporated 


TYPICAL CHARACTERISTICS 







fOTSiliconix 

M OF incorporated 


TYPICAL CHARACTERISTICS 


Voltage Differential with Temperature 
vs. Drain Current 
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NPA 


CT - Silicon ix 

* * incorporated 


N-Channel JFET 


DESIGNED FOR: 

• Srnaii Signal Amplifiers 

• Voltage Controlled Resistors 

• Choppers 


FEATURES 

• Low Noise NF < 1 dB at 1 KHz 

• Operation from Low Power Supply Voltages 
VQS(off) < 1 V (2N4338) 

• High Off-Isolation as a Switch 
Id(OFF) < 50 pA 

• High Input Impedance 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• J201 , J202, J203, 

J204 

PN4302, PN4303, 
PN4304 


SOT-23 

• SST201 , SST202, 
SST203, SST204 


TO-18 

• 2N4338, 2N4339, 
2N4340, 2N4341 

VCR4N 


TO-72 

• 2N4867, 2N4868, 
2N4869, 2N4867A, 
2N4868A, 2N4869A 


Chip 

• Available as above 
specifications 
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Siliconix 

incorporated 


NPA 


TYPICAL CHARACTERISTICS 
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Siliconix 

incorporated 















fHTSiliconix 

JLM incorporated 


TYPICAL CHARACTERISTICS 
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NQP 


CTSiliconix 

JLJm incorporated 


N-Channel JFET 


DESIGNED FOR: 

• fifinftral Purpose* Amplifiers 

TYPE 

PACKAGE 

DEVICE 


Dual 

TO-71 

• 2N3956, 2N3957, 

FEATURES 

• High Input Impedance 


Chip 

2N3958 

2N5196, 2N5197, 
2N5198, 2N5199 

• Available as above 
specifications for 
2N3956 through 
2N3958, 2N5198 & 
2N5199 


GEOMETRY DIAGRAM 










CTSiKconix 

JLm incorporated 


TYPICAL CHARACTERISTICS 


NQP 


Drain Current & Transconductance 
vs. Gate-Source Cutoff Voltage 
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Siliconix 

incorporated 



TYPICAL CHARACTERISTICS 
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CgTSiliconix 

M m incorporated 


NQP 


TYPICAL CHARACTERISTICS 


Voltage Differential with Temperature 
vs. Drain Current 
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NRL 


CX'Siliconix 

JL9 incorporated 


N-Channel JFET 


DESIGNED FOR: 

0k enroll 

^ oil iuii oiyi icu m i i[jiiiici o 

• VHF Amplifiers 

• Oscillators 

• Mixers 

• Switches 


FEATURES 

• Wide Input Dynamic Range 
High Iq Breakpoint voltage 

® High Gain 

• Low Insertion Loss Switches 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-72 

• 2N4220, 2N4221 , 
2N4222 

2N4220A, 2N4221 A, 
2N4222A 


Chip 

• Available as above 
specification 


GEOMETRY DIAGRAM 
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'Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 


NRL 





CT'Siliconix 

*MmW incorporated 


NRL 


TYPICAL CHARACTERISTICS 


















'Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 


NRL 











NRL 


CT Silicon ix 

incorporated 


TYPICAL CHARACTERISTICS 
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Siliconix 

incorporated 


NT 


N-Channel JFET 


DESIGNED FOR: 

o Ultra-High Input Impedance Amplifier 
Electrometers: 

Infrared Detectors 
Smoke Detectors 
pH Meters 


FEATURES 

o Low Power 

loss < 90 jxA (2N4117) 
o High Input Impedance 
l G < 1 pA (2N4117A) 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• PN4117, PN4118, 
PN4119 

PN4117A, PN4118A, 
PN4119A 


TO-72 

• 2N4117, 2N4118, 
2N4119 

2N4117A, 2N4118A, 
2N4119A 


Chip 

© Available as above 
specification 


GEOMETRY DIAGRAM 



Gate also backside contact 
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CZ'Siliconix 

JLM incorporated 


NT 


TYPICAL CHARACTERISTICS 
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Transfer Characteristics 


Transconductance vs. Gate-Source Voltage 
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CX'Siliconix 

incorporated 


NVA 


N-Channel JFET 


DESIGNED FOR: 

© Analog Swiches 
• Commutators 
© Choppers 


FEATURES 

• Very Low Insertion Loss 
r DS(on) < 3.0 fl (U290) 
® High Off-Isolation 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• J105, J106, J107 


TO-52 

• U290, U291 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 




7-73 






NVA 


Cl" Siliconi x 

JLJD incorporated 


TYPICAL CHARACTERISTICS 


Tos 
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Siliconix 

incorporated 


TYPICAL CHARACTERISTICS 


NVA 














CT'Siliconix 

M m incDrparated 


NVA 

TYPICAL CHARACTERISTICS 
















Siliconix 

incorporated 


NZB 


N-Channel JFET 


DESIGNED FOR: 

• VHF/UHF Amplifers 

• Front End High Sensitivity Amplifiers 

• Oscillators 

• Mixers 


FEATURES 

• 16 dB at 100 MHz, Common Gate 

• 11 dB at 450 MHz, Common Gate 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• J308, J309, J310 


SOT-23 

• SST308, SST309, 
SST310 


TO-52 

• U308, U309, U310 

Dual 

TO-78 

• U430, U431 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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Siliconix 

incorporated 


Drain Current & Transconductance 
vs. Gate-Source Cutoff Voltage 
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tl’Siliconix 
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TYPICAL CHARACTERISTICS 
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NZF 


fnrSiliconix 

JLmM incorparated 


N-Channel JFET 


DESIGNED FOR: 




• High Frequency Amplifiers 

1 YHb 

KAuKAut 

Dtv'iCb 

• Mixers 

• Oscillators 

Single 

TO-92 

• J21 0, J211, J21 2 



TO-71 

• U440, U441 

FEATURES 

Dual 

TO-78 

• 2N5911, 2N5912 

U443, U444 

• High Power Gain 



• Low Noise 


Chip 

® Available as above 




specifications for 

J210, J21 1 , J212, 
U440, U441, U443, 
U444, and 2N5912 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 
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fOTSiliconix 
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TYPICAL CHARACTERISTICS 


Output Characteristics (V GS (off)= ~ 2 v ) 
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NZF 


TYPICAL CHARACTERISTICS 
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Input Admittance 
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Siliconix 

incorporated 


PSCIA 


P-Channel JFET 


DESIGNED FOR: 

o Analog Switches 
© Commutators 
® Choppers 

© Integrator Reset Switch 


FEATURES 

© Low Insertion Loss in Switching Systems 
r DS(on) <75 n (2N5114) 
o Short Sample and Hold Aperture Time 
Crss < 7 pF 

o High Off-Isolation Id(OFF) < 500 pA 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• J174, J1 75, J176, 

J177 

J270, J271 

PI 086, PI 087 


SOT-23 

• SST174, SST175, 
SST176, SST177 
SST270, SST271 


TO- 18 

o 2N5114, 2N5115, 
2N5116 (TX, TXV) 


Chip 

® Available as above 
specifications 


SWITCHING CIRCUIT 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 


On-Resistance & Drain Current 
vs. Gate-Source Cutoff Voltage 


On-Resistance vs. Drain Current 
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Siliconix 
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TYPICAL CHARACTERISTICS 










fDf’Siliconix 

JJv incorporated 


PSCIB 


P-Channel JFET 


DESIGNED FOR: 

• Amplifers 

• Sample and Hold 

• Choppers 

• Analog Switches 


FEATURES 

• Low e n < 15 nV/\/Hz at 10 kHz 

• Low Leakage < 10 pA at 30 V 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• 2N5460, 2N5461, 
2N5462, 2N5463, 
2N5464, 2N5465 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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CT'Siliconix 
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TYPICAL CHARACTERISTICS 


Drain Current & Transconductance 
vs. Gate-Source Cutoff Voltage 
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TYPICAL CHARACTERISTICS 
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fnrsiliconix 

* m incorporated 


VDDQ20 


N-Channel Depletion-Mode MOSFET 


DESIGNED FOR: 




o Switching 

TYPE 

PACKAGE 

DEVICE 

• Amplification 

Single 

TO-206AC 

• ND2012E, ND2020E 

FEATURES 


TO-92 

• ND2012L, ND2020L 

• High Breakdown Voltage > 200 V 

• Low ros(on) < 3 H 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 


Forward Transconductance vs. Drain Current 
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CT'Siliconix 

JLM incorporated 


VDDV24 


N-Channel Depletion-Mode MOSFET 

DESIGNED FOR: 

® Switching 

• Amplification 

FEATURES 

• High Breakdown > 240 V 

• Low ros(on) < 10 H 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• ND2406B, ND2410B 


TO-92 

• ND2406L, ND2410L 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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incorporated 


On-Resistance & Drain Current 
vs. Gate-Source Cutoff Voltage 
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TYPICAL CHARACTERISTICS 
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JLM incorporated 


TYPICAL CHARACTERISTICS 




1 10 100 1 K 

l D (mA) 


Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 



Transient Thermal Response (TO-205AD) 



7-102 








Siliconix 

incorporated 

N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: 

d Switching 
© Amplification 

FEATURES 

© High Breakdown > 240 V 
® Low r DS(on) < 6 fl 





GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 

Output Characteristics Ohmic Region Characteristics 
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CX'Siliconix 

*MmW incorporated 
TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


Equivalent Input Noise Voltage vs. Frequency 


Body Drain Leakage Current 


(nV/ViHz ) 



100 IK 10 K 

f (Hz) 



0 0.2 0.4 0.6 o.e 

Vgs (V) 


Output Conductance vs. Drain Current 



10 100 IK 

Id ( mA ) 


Transient Thermal Response (TO-205AD) 


R thJC 

(Norm.) 0-1 



© 









VNDN24 


CT Silicon ix 

JLM incorporated 


N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: I 


• Switching 

TYPE 

PACKAGE 

DEVICE 

• Amplification 

Single 

To-92 

• 2N7007 



SOT-23 

• 2N7001 

FEATURES 

• High Breakdown > 240 V 


Chip 

• Available as above 
specifications 


• Available in Surface Mount SOT-23 
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TYPICAL CHARACTERISTICS 
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fT'Siliconix 

JmJKr incorporated 


VNDO50 


N-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 




• Switching 

TYPE 

PACKAGE 

DEVICE 

o Spike Protection 

Single 

TO-92 

® VN45350L 




VN50300L 

FEATURES 


SOT-23 

© VN45350T 

• High Breakdown 450 V 



VN50300T 

• Available in Surface Mount Package 

SOT-23 


Chip 

© Available as above 
specifications 


GEOMETRY DIAGRAM 
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VNDO50 
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TYPICAL CHARACTERISTICS 


















VNDP06 


CT" Silicon ix 

incorporated 


N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: 

s Switching 

• Amplification 

FEATURES 

• Protection Diode 

• Low r DS(on) < 10 H 



GEOMETRY DIAGRAM 
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VNDP06 


TYPICAL CHARACTERISTICS 
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Equivalent Input Noise Voltage vs. Frequency 
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CZ'Siliconix 

JLM incorporated 


VNDQ03 


N-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

o Switching 
® Amplification 

FEATURES 

• Low r DS (on) < 3 H 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• VN0300B 


TO-92 

• VN0300L 


TO-237 

• VN0300M 

Quad 

14-Pin 

Plastic 

• VQ1001J 


14-Pin 

Dual-In- 

Line 

® VQ1001P 

i 

Chip 

® Available as above 
specifications 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 
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incorporated 


Output Characteristics 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 





10 50 100 

Rq(J&) 


(ns) 


Load Condition Effects on Switching 


s 

llll 

mi 

s 


s 

■■ 

■■ 


w 


■K 

BH 


■ 

■ 


ikM 



■i 


■ 

■ 

II 

mm 

Bi 



■ 

■ 

1 

11 

mm 

■ 

■ 

■ 

■ 

i 

1 

■ 

ns 

■ 

■ 

1 

■ 

1 

n 

■ 

| 

1 

i 

I 

1 

II 

■ 

1 

1 

1 

1 

II 

II 






■1 

■■ 



II 

II 

II 

II 















E 

■2 


■ 







■ 

■1 

II 

BIBS 


m 

■ 

Ito 

zl 

II 

II 

f 

If 1 


■ 


■ 

■1 

II 

1 

1 

1 


■ 

■ 


II 

II 

■ 

■ 

■ 

i 

1 

1 

1 

|| 

■ 

■ 

1 

■ 

1 

ii 

■ 

■ 

i 

i 

1 

1 

1 

■ 

■ 

1 


1 

r 

II 


0.1 1 10 
Id (A) 


7-126 









Siliconix 

incorporated 


VNDQ03 


TYPICAL CHARACTERISTICS 








VNDQ06 


ftT'Siliconix 

JJr incorporated 


N-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

• Switching 

• Amplification 

FEATURES 

• Low r DS(on) < 3.5 f 1 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• 2N6659, 2N6660 
VN67AB 


TO-220SD 

• VN40AFD, VN46AFD, 
VN66AFD, VN67AFD 


TO-220 

• VN66AD, VN67AD 

Quad 

14-Pin 

Plastic 

• VQ1004J 


14-Pin 

Dual-In- 

Line 

• VQ1004P 


Chip 

® Available as above 
specifications 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 


Output Characteristics 
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TYPICAL CHARACTERISTICS 
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fnrSiliconix 

JmM incorporated 


VNDQ09 


N-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

o Switching 
• Amplification 

FEATURES 

® Low rDS(on) < 4 XI 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• VN90AB 

2N6661 


TO-92 

• VN0808L 


TO-237 

• VN0808M 


TO-220SD 

® VN88AFD 


TO-220 

® VN88AD 

Quad 

14-Pin 

Plastic 

• VQ1006J 


14-Pin 

Dual-In- 

Line 

e VQ1004P 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 
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TYPICAL CHARACTERISTICS 


VNDQ09 


Equivalent Input Noise Voltage vs. Frequency 


Body Drain Leakage Current 
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VNDQ12 


Cf'Siliconix 

JLM incorporated 


N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: 

• Switching 

• Amplification 

FEATURES 

• Low ros(on) < 4.5 H 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• VN1206B 


TO-220 

• VN1206D 


TO-237 

• VN1206M, VN1210M 


TO-92 

• VN1206L, VN1210L 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 


Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 
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TYPICAL CHARACTERISTICS 
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Equivalent Input Noise Voltage vs. Frequency 
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VNDQ20 


N-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 




® Switching 

TYPE 

PACKAGE 

DEVICE 

® Amplification 

Single 

TO-92 

• BS107 

FEATURES 



VN2010L, VN2020L 

® High Breakdown > 200 V 
• Low r os(on) < 10 XI 


Chip 

® Available as above 
specifications 
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Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 
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Silicon ix 

m m incorporated 


N-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 




• Switching 

TYPE 

PACKAGE 

DEVICE 

• Amplification 

Single 

TO-206AC 

• VN10LE 

FEATURES 


TO-92 

• 2N7000, 2N7008 

• Low r DS(on) < 10 fl 

• Low Cost 



VN0603L, VN0610LL 
VN2222LL 

• Surface Mount Package SOT-23 


TO-237 

• VN2222LM 



SOT-23 

• VN0603T, VN0605T 




2N7002 


Quad 

14-Pin 

Plastic 

• VQ1000J 



14-Pin 

Dual-In- 

• VQ1000P 



Line 




Chip 

• Available as above 




specifications 


GEOMETRY DIAGRAM 
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TYPICAL CHARACTERISTICS 


Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 
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VNDV40 


N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: 

• Switching 

• Amplification 

FEATURES 

• High Breakdown > 400 V 

• Low ros(on) < 12 £1 
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Normalized Effective Transient Thermal Impedance, Junction-to-Ambient (TO-92) 
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IDF Siliconi x 

JLJF incorporated 


N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: 

• Switching 

FEATURES 

• High Speed for Military Applications 
(see VNDQ06 for Industrial Applications) 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• JANTX2N6660 


GEOMETRY DIAGRAM 
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On-Resistance vs. Gate to Source Voltage 
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N-Channel Enhancement-Mode MOSFET 

DESIGNED FOR: 

© Switching 


FEATURES 

• High Speed for Military Applications 
(see VNDQ09 for Industrial Applications) 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• JANTX2N6661 


GEOMETRY DIAGRAM 
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P-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 




• Switching 

TYPE 

PACKAGE 

DEVICE 

• Amplification 

Single 

TO-206AC 

• VP2020E 

FEATURES 

• High Breakdown > 200 V 


TO-92 

• VP2020L 

BSS92 

• Low ros(on) < 20 H 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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Equivalent Input Noise Voltage vs. Frequency 
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VPDS06 


P-Channel Enhancement-Mode MOSFET “FETIington” 


DESIGNED FOR: 

® Switching (P-Channel Complement 
to 2N7000) 

FEATURES 

® Low r DS(on) < 10 H 
» Available in Surface Mount 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-206AC 

• VP0610E, TP0610E 


TO-92 

• VP0610L, TP0610L 


SOT-23 

• VP0610T, TP0610T 


14-Pin 

Plastic 

® VQ2000J 


14-Pin 

Dual-In- 

Line 

® VQ2000P 


Chip 

® Available as above 
specifications 


GEOMETRY DIAGRAM 
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VPDS06 


Equivalent Input Noise Voltage vs. Frequency 
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P-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

m. C\(uitnKInn 
— NjMiioiniiy 

• Amplification 


FEATURES 

• Low ros(on) < 5 H 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• VP0808B, VP1008B 


TO-92 

• VP0808L, VP1008L 


TO-237 

• VP0808M, VP1008M 

Quad 

14-Pin 

Plastic 

• VQ2004J, VQ2006J 


14-Pin 

Dual-In- 

Line 

• VQ2004P, VQ2006P 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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VPDV24 


P-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

• Switching 

• Amplification 


FEATURES 

• High Breakdown > 240 V 

• Low r DS(on) < 10 H 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• VP2410B 


TO-92 

• VP2410L 



BS208 


Chip 

• Available as above 



specifications 


GEOMETRY DIAGRAM 
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P-Channel Enhancement-Mode MOSFET 


DESIGNED FOR: 

e Switching 
• Amplification 


FEATURES 

• High Speed 

• Low r DS(on) < 2.5 n 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-205AD 

• VP0300B 


TO-92 

• VP0300L 


TO-237 

• VP0300M 

Quad 

14-Pin 

Plastic 

• VQ2001J 


14-Pin 

Dual-In- 

Line 

• VQ2001P 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 
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VRMA 


N-Channel Enhancement-Mode MOSFET Protection Diode 


DESIGNED FOR: 

• Limiting Current 

• Voltage Protection 

• Voltage Decoupling 


FEATURES 

• Series Element 

• Two Terminals 

• High Breakdown > 240 V (JR240V) 

• Low Cost, Simple to Use 


TYPE 

PACKAGE 

DEVICE 

Single 

TO-92 

• JR135V, JR170V 
JR200V, JR220V, 
JR240V 


Chip 

• Available as above 
specifications 


GEOMETRY DIAGRAM 



Cathode is backside contact 
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AN INTRODUCTION TO FETS 


INTRODUCTION 

The basic principle of the field-effect transistor (FET) 
has been known since J. E. Lilenfeld’s patent of 
1925. The theoretical description of a FET made by 
Schockley in 1952 paved the way for development of 
a classic electronic device which provides the de- 
signer the means to accomplish nearly every circuit 
function. At one time, the field-effect transistor was 
known as a "unipolar” transistor. The term refers to 
the fact that current is transported by carriers of one 
polarity (majority) , whereas in the conventional bipo- 
lar transistor carriers of both polarities (majority and 
minority) are involved. 

This Application Note provides an insight into the na- 
ture of the FET, and touches briefly on its basic char- 
acteristics, terminology, parameters, and typical ap- 
plications. 

The following list of FET applications indicates the 
versatility of the FET family: 


Amplifiers 

Small Signal 
Low Distortion 
High Gain 
Low Noise 
Selective 
D.C. 

High-Frequency 


Switches 

Chopper-type 
Analog Gate 
Commutator 

Protection Diodes 

Low-Leakage 


Current Limiters 
Voltage-Controlled Resistors 
Mixers 
Oscillators 

This very wide range of FET applications by no means 
implies that the device will replace the more widely- 
known bipolar transistor in every case. The simple 
fact is that FET characteristics - which are very dif- 
ferent from those of bipolar devices - can often 
make possible the design of technically superior (and 
sometimes cheaper) circuits. 

The family tree of FET devices (Figure 1) may be di- 
vided into two main branches, Junction FETs (JFETs) 
and Insulated Gate FETs (or MOSFETs, metal-oxide- 
silicon field-effect transistors). Junction FETs are in- 
herently depletion-mode devices, and are available in 
both n- and p-channel configurations. MOSFETs are 
available in both enhancement and depletion modes, 
and also exist as both n- and p-channel devices. The 
two main FET groups depend on different phenom- 
ena for their operation, and will be discussed sepa- 
rately. 



Figure 1. FET Family Tree 
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Junction FETs 

In its most elementary form, this transistor consists 
of a piece of high-resistivity semiconductor material 
(usually silicon) which constitutes a channel for the 
majority carrier flow. The magnitude of this current is 
controlled by a voltage applied to a gate, which is a 
reverse-biased pn junction formed along the chan- 
nel. Implicit in this description is the fundamental dif- 
ference betwee JFET and bipolar devices: when the 
JFET junction is reverse-biased the gate current is 
practically zero, whereas the base current of the bi- 
polar transistor is always some value greater than 
zero. The JFET is a high-input resistance device, 
while the input resistance of the bipolar transistor is 
comparatively low. If the channel is doped with a do- 
nor impurity, n-type material is formed and the chan- 
nel current will consist of electrons. If the channel is 
doped with an acceptor impurity, p-type material will 
be formed and the channel current will consist of 
holes. N-channel devices have greater conductivity 
than p-channel types, since electrons have higher 
mobility than do holes; thus n-channel JFETs tend to 
be more efficient conductors than their p-channel 
counterparts. 

Junction FETs are particularly suited to manufacture 
by modern planar epitaxial processes. Figure 2 
shows this process in an idealized manner. First, n- 
type silicon is deposited epitaxially (single-crystal 
condensation surface) onto monocrystalline p-type 
silicon, so that crystal integrity is maintained. Then, a 
layer of silicon dioxide is grown on the surface of the 
n-type layer, and the surface is etched so that an 
acceptor-type impurity can be diffused through into 
the silicon. The resulting cross-section is shown in 
Figure 2C, and demonstrates how a p-type annulus 
has been formed in the layer on n-type silicon. Figure 
2D shows how a further sequence of oxide growth, 
etching, and diffusion can produce a channel of n- 
type material within the substrate. 

In addition to the channel material, a JFET contains 
two ohmic (non-rectifying) contacts: the source and 
the drain. These are shown in Figure 2E. Since a 
symmetrical geometry is shown in the idealized JFET 
chip, it is immaterial which contact is called the 
source and which is called the drain; the JFET will 
conduct current equally well in either direction and 
the source and drain leads are usually interchange- 
able. 

(For certain JFET applications, such as amplifiers, an 
asymmetrical geometry is preferred for lower capaci- 


tance and improved frequency response. In these 
cases, the source and drain leads should not be in- 
terchanged) . 




(B) N-type silicon layer 
deposited epitaxially 



(C) impurity diffused in to 
start isolation region 



(D) More impurity diffused 
in to complete isola- 
tion and form N-type 
channel 



(E) Final form taken by 
FET : with N-type 
channel embedded in 
P-type substrate 


Figure 2. Idealized Manufacture of an N-Channel 
Junction FET 


Figure 2E also shows how the n-channel is embed- 
ded in the p-type silicon substrate, so that the gate 
above the channel becomes part of this substrate. 
Figure 3 shows how the JFET functions. If the gate is 
connected to the source, then the applied voltage 
C^ds) will appear between the gate and the drain. 
Since the pn junction is reverse-biased, little current 
will flow in the gate connection. The potential gradi- 
ent established will form a depletion layer, where al- 
most all the electrons present in the n-type channel 
will be swept away. The most depleted portion is in 
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the high field between the gate and the drain, and the 
least-depleted area is between the gate and the 
source. Because the flow of current along the chan- 
nel from the (positive) drain to the (negative) source 
is really a flow of free electrons from source to drain 
in the n-type silicon, the magnitude of this current will 
fall as more silicon becomes depleted of free elec- 
trons. There is a limit to the drain current (Id) which 
increased Vds can drive through the channel. This 
limiting current is known as loss (Drain-to-Source 
current with the gate shorted to the source). Figure 
3B shows the almost complete depletion of the chan- 
nel under these conditions. 

Figure 3C shows the output characteristics of an n- 
channel JFET with the gate short-circuited to the 
source. The initial rise in Ip is related to the buildup 
of the depletion layer as Vds increases. The curve 
approaches the level of the limiting current loss 
when Id begins to be pinched off. The physical 
meaning of this term leads to one definition of pinch- 
off voltage, V p , which is the value of Vds at which the 
maximum loss flows. 

In Figure 4, consider the case where Vds = 0 and 
where a negative voltage Vqs is applied to the gate. 
Again, a depletion layer has built up. If a small value 
of Vds were now applied, this depletion layer would 
limit the resultant channel current to a value lower 
than would be the case forVQs = 0. In fact, at a value 
of Vqs > V p the channel current would be almost 
entirely cut off. This cutoff voltage is referred to as 
the gate cutoff voltage, and may be expressed by 
the symbol V p or by VQS(off)- V p has been widely 
used in the past, butVos(off) is now more commonly 
accepted since it eliminates the ambiguity between 
gate cut-off and drain pinch-off. Vos(off) and V p , 
strictly speaking are generally equal in magnitude but 
opposite in polarity. 

The mechanisms of Figures 3 and 4 react together to 
provide the family of output characteristics shown in 
Figure 5A. The area below the pinch-off voltage locus 
is known as the triode or “below pinch-off” region: 
the area above pinch-off is often referred to as the 
pentode or saturation region. JFET behavior in these 
regions is comparable to that of a power-grid vac- 
uum tube, and for this reason JFETs operating in the 
saturation region make excellent amplifiers. Note that 
in the “below pinchoff” region both Vqs and Vds con- 
trol the channel current, while in the saturation region 
Vds has little effect and Vqs essentially controls Id- 


v ds < Vp 



DEPLETION 

LAYER 


(A) N-channel FET working below saturation 
(Vgs = 0 )- (Depletion shown only in 
channel region) . 


Vds > Vp 



DEPLETION 

LAYER 


(B) N-channel FET working in saturation region 
(Vqs = 0 ) . 



(C) Idealized output characteristic forV GS = 0. 


Figure 3. 
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Figure 4. N-Channel FET Showing Depletion Due To 
Gate-Source Voltage (V DS = 0) . 


Figure 5B relates the curves in Figure 5A to the ac- 
tual circuit arrangement, and shows the number of 
meters which may be connected to display the condi- 
tions relevant to any combination of Vps and Vqs. 
Note that the direction of the arrow at the gate gives 
the direction of current flow for the forward-bias con- 
dition of the junction. In practice, however, it is al- 
ways reverse-biased. 


The p-channel JFET works in precisely the same way 
as does the n-channel JFET. In manufacture, the pla- 
nar process is essentially reversed, with the acceptor 
impurity diffused first onto n-type silicon, and the do- 
nor impurity diffused later to form a second n-type 
region and leave a p-type channel. In the p-channel 
JFET, the channel current is due to hole movement, 
rather than to electron mobility. Consequently, all the 
applied polarities are reversed, along with their direc- 
tions and the direction of current flow. Figure 6A 
shows the circuit arrangement for a p-channel JFET, 
and Figure 6B shows the output characteristics of the 
device. Note that the curves are shown in another- 
quadrant than those of the n-channel JFET, in order 
to stress the current directions and polarities in- 
volved . 



(A) Family of output characteristics for 
n-channel FET 



(B) Circuit arrangement for n-channel FET 

Figure 5. 

In summary, a junction FET consists essentially of a 
channel of semiconductor material along which a 
current may flow whose magnitude is a function of 
two voltages, Vos and Vqs- When Vps is greater than 
V p , the channel current is controlled largely by Vqs 
alone, because Vqs >s applied to a reverse-biased 
junction. The resulting gate current is extremely 
small. 


9-4 




Siliconix 

incnrpnraLtEd 


LPD-1 



(A) Circuit Arrangement for p-channel JFET 



(B) Family of output characteristics for 
p-channel JFET 

Figure 6. 

MOSFETS 

The metal-oxide-silcon FET (MOSFET) depends on 
the fact that it is not actually necessary to form a 
semiconductor junction on the channel of a FET in 
order to achieve gate control of the channel current. 
Unlike the junction FET (JFET) a metallic or 
polysilicon gate may be simply isolated from the 
channel by a thin layer of silicon dioxide, as shown in 
Figure 7A. Although the bottom of the insulating layer 
is in contact with the p-type silicon substrate, the 
physical processes which occur at this interface dic- 


tate that free electrons will accumulate in the inter- 
face, inverting the p-type material and spontaneously 
forming an n-type channel. Thus, a conduction path 
exists between the diffused n-type channel source 
and drain regions. 

There are, however, some fundamental performance 
differences between MOSFETs and JFETS. JFETs, by 
nature, operate only in the depletion mode. That is, a 
reverse gate bias depletes, or pinches off the flow of 
channel current. A MOSFET, by virtue of its electri- 
cally-insulated gate, can be fabricated to perform as 
either a depletion-mode or enhancement-mode FET. 
Quite unlike the JFET, a depletion-mode MOSFET will 
also perform as an enhancement-mode FET. 



(A) Idealized cross-section through an n-channel 
depletion-type MOSFET 

•d 


(B) Circuit arrangement for n-channel depletion 
MOSFET. 

Figure 7. 
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(C) Family of output characteristics for 
an N-channel depletion MOSFET 

Figure 7. 


Where the greater majority of JFETs are fabricated 
similar to that shown in Figure 2, and operate in a 
fashion described in Figures 3 and 4, the MOSFET 
can assume several forms and operate in either the 
depletion/enhancement-mode or enhancement- 
mode only. 

There are, today, three popular styles of small-signal 
.-MOSFETs. First, we have the planar, lateral MOSFET, 
similar to that shown in Figure 7A. By virtue of the 
n-doped channel spanning from source to drain, it 
performs as an n-channel depletion-mode MOSFET in 
a fashion not unlike that of the depletion-mode JFET 
when a voltage of the correct polarity is appliled to 
the gate, as in Figure 7B. However, if we forward- 
bias the gate (that is, place a gate voltage whose 
polarity equals the drain voltage polarity) additional 
electrons will be attracted to the region beneath the 
gate, further enhancing - and inverting (from p to n) 
the region. As the channel region thickens, the chan- 
nel resistance will further decrease, allowing greater 
channel current to flow beyond that identified as 
I dss . as we see in the family of output characteristics 
in Figure 7C. 

This MOSFET also can be constructed for enhance- 
ment-mode-only performance, as shown in Figure 8. 
Unlike the depletion-mode device, the enhancement- 
mode MOSFET offers no channel between the source 
and drain. Not until a forward bias on the gate en- 


CT" Siliconi x 

JLM incorporated 

hances a channel by attracting electrons beneath the 
gate oxide will current begin to flow. 





Ion-implant with poly 
gate acting as mask 



BODY 


(F) Etch contact areas 
through oxide, metalize 
and attach Source, 
Drain and Gate 


Figure 8. Fabrication of Planar 

Enhancement-Mode MOS 


A newer MOSFET offering superior performance is 
the lateral double-diffused or DMOS FET. Because of 
the limitations of photo-lithographic masking, the ear- 
lier, older-style MOSFET was severely limited in per- 
formance. Some of these former limitations involved 
switching speeds, channel conductivity (too high an 
tds), and current handling in general. The lateral 
DMOS FET removed these limitations, offering a vi- 
able alternative betwean the JFET and the GaAs FET 
for video and high-speed switching applications. 
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SUBSTRATE 


Figure 9. Fabrication of Planar Enhancement-mode DMOS 


The lateral DMOS FET differs radically in its channel 
construction when compared with the older planar 
MOSFET. A self-explanatory series of construction 
views of an n-channel, enhancement-mode device is 
offered in Figure 9. Note the double-diffused source 
implant into the implanted p-doped channel region, 
shown in Figures 9 (f) and (g). The novelty that 
improves the performance of DMOS is both the pre- 
cisely-defined short channel that results and the 
“drift region” resulting from the remaining p-doped 


silicon body and light n-doped ion implant, shown if 
Figures 9 (k) and (1). 

Although Figures 8 and 9 illustrate the fabrication se- 
quences for n-channel enhancement-mode DMOS 
FETs, by reversing the doping sequences, p-channel 
DMOS FETs could easily be fabricated. Furthermore, 
by lightly doping across the short channel and drift 
region, depletion-mode DMOS FETs could be con- 
structed. 
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The combination of the short channel and the drift 
region allows the MOSFET to operate in "velocity 
saturation” (as a result of the short channel) and to 
offer higher operating drain voltages (as a result of 
the drift region). Together, both offer low on-resis- 
tance and low interlectrode capacitances, expecially 
gate-to-drain, Vqd- 

Velocity saturation coupled with low interelectrode 
capacitance offers us high-speed and high-frequency 
performance. 


The novelty of the short-channel DMOS FET led to the 
evolution of a yet more advanced, higher-voltage, 
higher-current MOSFET: the Vertical Double-Diffused 
MOSFET, shown in Figure 10. Where this vertical 
MOSFET offers improved power-handling capabilities, 
its fundamental shortcoming is that, because of its 
construction and to a lesser extent because of its 
size, it fails to challenge the high-speed performance 
of the lateral DMOS FET. Consequently, the vertical 
and lateral DMOS FETs complement each other in a 
wide selection of applications. 




(I) Gate oxide 


(J) Poly deposition & 
gate mask 


n~ 


n- 



(K) Etch oxide 


(L) Diffuse p body 


ARSENIC 



(M) n (arsenic) 
implant 


n- 

P+'^J (Lr 3 p+ \j 

n 


ni 7 



GATE 



MASK 

N) Grow ( 
mask 


METAL 


(O) Etch for source 
contracts and 
lay source metal 


DRAIN 


Figure 10. Vertical n-channel, enhancement-mode DMOS FET 


9-8 





LPD-2 



UNDERSTANDING JFET PARAMETERS 

Bob Landon 


JFET Characteristics 

The JFET enjoys certain inherent advantages over bi- 
polar transistors because of the unique construction 
and method of operation of the field-effect device. 
These characteristics include: 

• Low noise 

• “Zero offset” On-resistance 

• No thermal runaway 

• Low distortion and negligible intermodulation 
products 

• High input impedance at low frequencies 

• Very high dynamic range (>100 dB) 

• Zero temperature coefficient Q point 

• Junction capacitance independent of 'device 
current 

The transfer function of a JFET approximates to a 
square-law response, and the second and higher- 
order derivatives of 9fs are near zero; thus, strong 
second and negligible higher-order harmonics are 
produced. Intermodulation products are extremely 
low. 

The input impedance of a JFET is simply the imped- 
ance of a reverse-biased pn junction, which is on the 
order of 10 10 to 10 13 a . In practice, the input 
impedance is limited by the value of the shunt gate 
resistor used in a self-bias common-source circuit 
configuration. At RF frequencies, the input imped- 
ance drop is proportional to the square of the 
frequency. In a 2N4416 JFET, for example, the input 
impedance would be 22 kfl at 100 MHz. Also, the 
input susceptance increases linearly with frequency, 
since it is a simple parasitic capacitance. 

The JFET has a very high dynamic range in excess of 
100 dB. Thus it can amplify very small signals be- 
cause it produces very little noise, or it can amplify 
very large signals because it has negligible inter- 
modulation distortion products. It also has a zero 
temperature coefficient bias point (zero TC point) at 
which changes in temperature do not change the qui- 
escent operating point. 

Junction FET capacitances are more constant over 
wide current variation than are the same parameters 
in a bipolar device. This inherent stability allows high- 


frequency (VHF through L-band) oscillators to be 
built which are far more stable than oscillators using 
low-frequency crystals and multiplier stages. 

JFET Terminology and Parameters 

Any introduction to the nature, behavior, and applica- 
tions of field-effect transistors requires that certain 
questions be answered on JFET electrical quantities 
and parameters, in particular the most important pa- 
rameters, and the means by which they can be 
measured. The following discussion will define spe- 
cific JFET parameters and their associated subscript 
notations, and present basic test circuits and results. 

Major parameters include: 


• Idss - Drain current with the gate shorted to 
the source 

® v GS(off) - Gate-source cutoff voltage 
° I gss - Gate-to-source current with the drain 
shorted to the source 
o Vjbrjgss - Gate-to-source breakdown 

voltage with the drain shorted to the source 
o 9 f S - Common-source forward transconduc- 
tance 

• C gs — Gate-source capacitance 
o Cgd - Gate-drain capacitance 


Special attention should be given to the subscript “s” 
because it has two different meanings and three pos- 
sible uses. In JFET notations, an “s” for the first or 
second subscript identifies the source terminal as a 
node point for voltage reference or current flow. 
However, when using triple subscript notation, an “s” 
for the third subscript is an abbreviation for 
“shorted”, and signifies that all terminals not desig- 
nated by the first two subscripts must be tied to- 
gether and shorted to the common terminal, which is 
always the second subscript. Therefore, the term 
•gss refers to the gate-source current with the drain 
tied to the source. 

Because of the typical low input and output admit- 
tance of the JFET, four-pole admittance equations 
are commonly used to describe electrical character- 
istics of the JFET: 



•l = Y 11 Vi 1 + Y21 V22 


( 1 ) 
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When Y-j-j , Y 21 , Y 12 and Y 22 are defined as the in- 
put, reverse transfer, forward transconductance, and 
output admittance respectively, Equation 1 reduces 
to 

'1 = y j v i 1 + Yr v 22 

( 2 ) 

• 2 = Vf v l 1 + Yo v 22 

For a three-lead JFET, 1 1 usually corresponds to the 
gate-source terminal and 22 corresponds to the 
drain-source terminal (i.e., the device is connected 
in the common-source mode). Thus 

'i = Vis v gs + y rs v ds 

(3) 

*o = yfs v gs + y os v ds 

Here, the second subscript for the y parameters des- 
ignates the source lead as the common or ground 
terminal. 

loss - Drain Current at Zero Gate Voltage 
(Id at Vqs = 0) 

By itself, loss merely refers to the drain current that 
will flow for any applied Vds with the gate shorted to 
the source. However, when a particular value forVos 
is given, equal to or greater than V p (see Figure 1), 
loss indicates the drain saturation current at zero 
gate voltage. Some JFET data sheets label loss for 
Vps greater than V p as I D(ON) - 



Figure 1 . JFET Characteristic at v gs = 0 V 


Siliconix 

incorporated 

VGS(otf) - Gate-Source Cutoff Voltage 

The resistance of a semiconductor channel is related 
to its physical dimensions by R = pL/A, where 

p = resistivity 

L = length of the channel 

A = W x T = cross-sectional area of channel 

In the usual JFET structure, L and W are fixed by de- 
vice geometry, while channel thickness T is the dis- 
tance between the depletion layers. The position of 
the depletion layer can be varied either by the gate- 
source bias voltage or by the drain-source voltage. 
When T is reduced to zero by any combination ofVos 
and Vqs. the depletion layers from the opposite sides 
come into contact, and the a-c or incremental chan- 
nel resistance tds. approaches infinity. As earlier 
noted, this condition is referred to as “pinch-off” or 
“cutoff” because the channel current has been re- 
duced to a very thin sheet, and current will no longer 
be conducted. Further increases in Vds (up to the 
junction reverse-bias breakdown) will cause little 
change in Id- Accordingly, the pinch-off region is 
also referred to as the pentode or “constant-current” 
region. 



Figure 2. JFET Output Characteristics 

In Figure 1 , pinch-off occurs when Vqs = 0. In Figure 
2, Vqs controls the magnitude of the saturated Id. 
with increases in Vqs resulting in lower values of con- 
stant Id and smaller values of Vds necessary to 
reach the “knee” of the curve. The current scale in 
Figure 2 has been normalized to a specific value of 
i dss ■ 
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The knee of the curve is important to the circuit de- 
signer because he must know what minimum Vds is 
needed to reach the pinch-off region withV G s = 0 V. 
When appropriate bias voltage is applied to the gate, 
it will pinch off the channel so that no drain current 
can flow; Vds has no effect until breakdown occurs, 
the specific amount ofV G s that produces pinch-off is 
known as the gate-source cutoff voltage, VQS(off) • 

VGS(off) Test Procedure 

Although the magnitude of VQs( 0 ff) is equal to the 
pinch-off voltage, V p , defined by the pinch-off knee 
in Figure 1 , rapid curvature in the area makes it 
difficult to define any precise point asV p . Taking a 
second derivative ofVDs/lD would yield a peak corre- 
sponding to the inflection point at the knee which 
approximates V p . However, this is not a simple 
measurement for production quantities of devices. A 
better measure is to approach the cutoff point of the 
Id versus Vqs characteristic. This is easier than 
trying to specify the location of the knee of the Id 
versus Vds output characteristic. 

A typical transfer characteristic Id versus Vqs is 
shown in Figure 3. The curve can be closely approxi- 
mated by 


Id = Idss 



Vgs V 
VGS(off) J 


( 4 ) 



0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

Vqs (V) 

Figure 3. Typical l D vs V GS Transfer Characteristic 


Equation 4 and Figure 3 indicate that at Vqs = 
VGS(off) . I d = 0. In a practical device, this cannot be 
true because of leakage currents. If Id is reduced to 
less than 1 percent of Idss. v gs will be within 10 
percent of the VQS(off) value indicated by Equation 4. 
If Id is reduced to 0.1 percent of Idss the indicated 
Vgs (off) error will be reduced to about 3 percent. 
For a true indication of VQS(off) . and a realistic pic- 
ture of the parameters of Figure 3, care must be 
taken that leakage currents do not result in an error 
in the V G s(off) reading. Typically, at room tempera- 
ture, 1 percent of Idss is still well above leakage cur- 
rents but is low enough to give a fairly accurate value 
Of VQS(off) • 

A typical circuit for measuring Vqs (off) is shown in 
Figure 4. At Vqs = 0 V, the value of Idss can be 
measured. Then by increasing Vqs until Id is 0.01 
percent of Id at some fixed value (such as 1 nA), 
rather than as a certain percentage of loss- Thus a 
pinch-off voltage specification may be given as indi- 
cated in Table I. 


V DS 



Another method which provides an indirect indication 
of the maximum value ofV G s(off) is shown in Table II. 
The characteristic specified is Id (off), where the pa- 
rameter of interest isV G s = 8 volts. The specification 
does say that the maximum V G s( 0 ff) is approximately 
8 V, but no provision is made for stating a minimum 
Vgs (off) . as was done in Table I. Therefore, another 
test must be made if V G s( 0 ff) (min) is to be specified. 
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Table I. Typical Pich-Off Voltage Specification^ 


Characteristics 

Test Conditions 

Min 

Max 

Unit 

VGS(off) 

Gate-Source pinch-off voltage 

V ds =-5 V, 

Id = -1 JiA 

1 

4 

V 


Table II. Indication of Maximum V GS ( 0ff ) 


Characteristics 

Test Conditions 

Min 

Max 

Unit 

Id(off) 

Pinch-off drain current 

V DS = -12 V, 

V GS = 8 V 


-10 

nA 


Igss - Gate-Source Cutoff Current 

The input gate of a p-channel JFET appears as a sim- 
ple pn junction; thus the do input characteristic is 
analogous to a diode V-l curve, as shown in Figure 5. 



Figure 5. P-Channel JFET Input Gate Characteristic 


In the normal operating mode, withVQs positive for a 
p-channel device, the gate is reverse-biased to a 
voltage between zero and VQS(off) ■ This results in a 
do gate-source resistance which is typically more 


than 1000 Mfl. The gate current is both voltage and 
temperature sensitive. Figure 6 shows this relation- 
ship for Iqss versus temperature andVes- 

If the gate-source junction becomes forward-biased, 
(negative voltage in a p-channel device) or if Vqs ex- 
ceeds the reverse-bias breakdown of the junction, 
the input resistance will then become very low. 


i o 4 
10 3 
10 2 
10 

Igss 

1 

10" 1 
10" 2 
10~ 3 

-50 -25 0 25 50 75 100 125 150 

T A (°C) 



Figure 6. I GSS vs. Temperature 
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The JFET is normally operated with a slight reverse 
bias applied to the gate-source; hence, a good 
measure of the do input characteristic is to check the 
gate current at a value of gate-channel voltage that is 
below the junction breakdown rating. In device 
evaluation, there are the common measurements of 
gate current: Igdo. Igso. and the combined meas- 
urement Igss- These measurement circuits are 
shown in Figure 7. 



Figure 7. Three Common Measurements of Gate 
Current 


The question is, should Iqdo and Iqso be measured 
separately, or will one measurement of Iqss suffice? 
One thing is certain: Igso + Igdo> Igss. because the 
drain and the source are not completely isolated. 
They are, in fact, electrically connected via channel 
resistance. For most JFETs, if Vq is greater than 
v GS(off) . the difference between (Igso + Igdo and 
Igss is small; therefore, the measurement of Igss is 
a realistic means of controlling both Igdo and Igso- 

In a circuit, Vqd may be biased between zero and 
V(BR)GSS» while Vqs will be between zero and 
VGS(off) : therefore, I g is not necessarily the same 
as Iqss- 

V(br)gss - Gate-Source Breakdown Volt- 
age 


gate-drain voltage is greater than the gate-source 
voltage; thus, the gate-drain breakdown rating is 
most important. However, it is also possible to con- 
sider the gate-source junction breakdown and the ap- 
parent drain-source breakdown (i.e., in Figure 8, 
when a high negative voltage is applied from drain to 
source, CR-| will break down while CR n becomes for- 
ward-biased) . 

Some device manufacturers use a BVqdo rating, 
which means they are only checking diode CRi. A 
better method is to use a V(br)gss rating (gate- 
source breakdown with the drain shorted to the 
source), because it checks both CRi and CR n , in 
addition to exposing the weakest breakdown path 
along the entire gate-channel junction. The V(br)gss 
test also allows the user to interchange source and 
drain lead connections without worry about device 
breakdown ratings. 

Admittedly, a V(br)gss test will reject some units 
which might pass a BVqdo test; the number re- 
jected, however, will be insignificant compared to the 
advantage of providing symmetrical operation. 


CRt 



Figure 8. A Useful JFET Equivalent Cir- 
cuit 


JFET input terminals have been previously described 
as having np or pn junctions, depending on the chan- 
nel material. As such, the junction breakdown volt- 
age is a necessary parameter. 

A useful equivalent circuit for a JFET is the distributed 
constant network shown in Figure 8, for a p-channel 
JFET. If an n-channel device is being evaluated, the 
diodes would be reversed. In most applications, the 


Test Procedures for V(br)gss 

Junctions may break down softly or sharply; junctions 
with soft knee breakdown are undesirable. Without 
examining each individual unit on a curve tracer, de- 
vices with a soft knee may be eliminated by selecting 
a low current level for breakdown measurement (see 
Figure 9). 
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SOFT KNEE (FAILING) SHARP BREAKDOWN 

Figure 9. Example of Soft Knee and Sharp Knee 
Breakdown 


9fs - Transconductance 

Transconductance, 9fs, is a measure of the effect of 
gate voltage upon drain current: 


Sfs = 


Alp 

AV gs 


; v DS 


constant 


(5) 


The interrelation of 9 fs to the parameters I pss and 
v GS(off) should be noted. Equations 4, 6, and 7 de- 
scribe the value of I p and 9 fs in a JFET for any value 
of Vqs between zero and Vos(off) ■ 

9fs= Ofsofl ~ v VGS 1 (6) 

^ VQS (off) J 


9fso = 


I PSS 
v GS(off) 


(7) 


where 9 fso is the value of 9 fs at Vqs = 0 V and I pss is 
the value of Ip at Vqs = 0 V. With these equations, 
the value of 9fs can be calculated with a fair degree 
of accuracy (20 percent) if Ipss and VQS(off) are 
known. 

Figure 10 shows normalized curves for Ip and 9fs as 
functions of Vqs in a P-Channel JFET. These curves 
were obtained from actual measurements on typical 
diffused channel JFETs. The curves agree very well 
with Equation 4 and 6 until VQS(off) is approached. 
For these curves, VQS(off) was assumed to be the 
value of Vqs where Ip/ 1 pss = 0.001. 



0 0.2 0.4 0.6 0.8 1.0 1.2 


V GS /V GS(off) 

Figure 10. Normalized Curves for Ip and g fs as Func- 
tions of Vqs 


The drain current of a JFET operating in the triode 
(below pinch-off) region can be accurately predicted 
by using Equation 8, where 



Specifications for 9f S are shown in Tables III and IV. 
Note that there is a difference in the test conditions 
specified for the n-channel and the p-channel 
devices. The gate voltage for the n-channel is es- 
tablished as zero. This means that 9 fs is measured at 
Ip = I pss. as in Table III. 

The test conditions shown in Table IV specify a cer- 
tain value for Ip (-200 jxA). This means that for 
each unit tested, Vqs is adjusted until Ip equals the 
specified value. The conditions specified in Table II 
simplify testing of the 9fs parameter by eliminating 
the necessity of adjusting Vqs- Figures 11 and 12 
show typical test systems for the two methods. 


Table III. 


Characteristics 

Test Conditions 

Min 

Max 

Unit 

9fs 

Small-signal common-source 
forward transconductance 

V DS = 15 V, 

V G s= 0- 

f = 1 kHz 

4,500 

7,500 

MS 
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Table IV. 



Characteristics 

Test Conditions 

Min 

Max 

Unit 

9 fs 

Common-source 

forward transconductance 

V DS = 20 V, 

l D = 200 JiA 

f = 1 kHz 

700 

1,600 

JJLS 


<v> 



Figure 11. Test Circuit for g fs with V G s = OV 

Junction FET Capacitances 

Associated with the junction between the gate and 
the channel of a JFET is a capacitance whose value 
and geometric distribution are functions of the ap- 
plied voltages Vqs and Vps- Because of the com- 
plexity of dealing with such a distributed capacitance, 
a simplification is made so that two lumped capaci- 
tances, C gs andCgd, exist between the gate and the 
source and drain, respectively. (A much smaller ca- 
pacitance, Cds. also exists between the drain and the 
source, stemming mainly from the device package; 
this header capacitance is small enough so that it 
can be ignored for most purposes.) 


Data sheets quote C gs and C g d (or other capaci- 
tances from which they may be derived) for specified 
operating conditions. Occasionally, graphs are in- 
cluded which show the variations of C gs and C g d as 
the result of changing conditions of Vqs* Vqs and 
temperature. If this data is not presented, an esti- 
mate of interelectrode capacitance values may be 
made by assuming that these values vary inversely 
with the square root of the bias voltage. The tem- 
perature variations will be very small, because they 



Figure 12. Test Circuit for g fs with Id Specified 

depend on the -2.2 mV° C change in junction poten- 
tial difference. 

Assuming that the JFET is properly biased - that is 
the dc conditions are met by the external circuitry - it 
is possible to construct an incremental equivalent cir- 
cuit from which the small-signal or ac performance 
may be predicted. Such an equivalent circuit is 
shown in Figure 13. 


r gd 



NOTE: Og SS - C, ss - C gs + Cgd 

Cqss = C'gd + C'cls - Cgd = C rss 


Figure 13. Incremental Equivalent Circuit for 
the Junction FET 
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The equivalent capacitance from the gate to the 
source, C gs , is shunted by a very large input resis- 
tance, r gs , with both of these parameters being 
characteristic of a reverse-biased junction. Similarly, 
the equivalent capacitance from the gate to the drain 
is shunted by the very large resistance r gc j. (For 
most purposes, r gs and r g d may be neglected, and 
the gate impedance of the JFET treated as pure ca- 
pacitance) . At the drain side of the equivalent circuit 
the small capacitance Cds - which stems from the 
header material - is shunted by the incremental 
channel resistance, rds- This resistance is capable 
of wide variations, depending on bias conditions, 
since the equivalent circuit is fundamentally relevant 
to the pinch-off or saturated condition, rd S will be on 
the order of megohms. 

The incremental channel current is given by the 
transconductance, 9fs, multiplied by the incremental 
gate voltage. For the small signal, v gs , this is mani- 
fested in the equivalent circuit by the current genera- 
tor 9 fsVgs. Notice that the conventional direction of 
flow of this current is such that id flows into the JFET, 
in a “positive” direction. 

Many circuits can be designed around the equivalent 
circuit for the junction FET. The actual values of 9fs 
and rds can be measured as previously mentioned; 
there remains only the requirement to establish the 
methods of determining C gs and C g d. 

First, assume that the JFET is in operation and that 
the drain is connected to the source via a large ca- 
pacitor, i.e., the drain and source are short-circuited 
to ac. Under these circumstances, a capacitance 
measurement between the gate and the source will 
give 


^dss( or C oss) ~C gs + Cgd (9) 


Second, assume that the gate and source are short- 
circuited to ac in a similar manner. A capacitance 
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measurement between the drain and the source will 
now give 

^dss ( or C oss) ~C g d (10) 


The alternative symbols C| SS and C OS s simply refer to 
measurements made at the input (gate) and tne out- 
put (drain) respectively. An alternative symbol for 
Cgs is C rS s » which refers to the "reverse” capaci- 
tance. 

In data sheets, it is customary to state C gss (= Cj SS ) 
and Cdss (= C oss ) ■ C rss is often given in place of 
Coss because if Cds « C 0S s» which is usually the 
case, then C rss ~ C 0S s Equations (9) and (10) can 
be used in those instances where it is necessary to 
extract C gs and C g d, as in 

Cgs = Cj ss -Cgd = Cjss - C rss (11) 

and 

Cgd = Crss (12) 

Remember that all capacitance measurements 
should be made at the same bias levels, since the 
capacitances are functions of applied voltages. To 
indicate the order of the capacitances to be found in 
a junction FET, consider the following typical values 
given in a data sheet. 

C iss /at V DS = 15 V, f = 

V V GS = 0 

and 

Crss /at V DS = 15 V, f = 

V. v gs = 0 

Hence, at a drain-source voltage of 15 V and a fre- 
quency of 1 MHz, C gs = 7 - 3 = 4 pF maximum. Even 
though the JFET is physically symmetrical, bias con- 
ditions have forced the capacitances to be unequal. 



1 MHzJ = 7 pF Max. 
1 MHz A = 3 pF Max. 
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FET BIASING 


INTRODUCTION 


Engineers often design FET amplifiers that are un- 
necessarily sensitive to device characteristics be- 
cause they may not be familiar with proper biasing 
methods. 

One way to obtain consistent circuit performance, in 
spite of device variations is to use a combination of 
constant voltage and self biasing. The combined cir- 
cuit configuration turns out to be the same as that 
generally used with bipolar transistors, but its opera- 
tion and design are quite different. 

Three Basic Circuits 

Let's examine three basic common-source circuits 
that can be used to establish a FET’s operating point 
(Q-point) and then see how two of them can be com- 
bined to provide greatly improved performance. The 
three basic biasing schemes are: 

• Constant-voltage bias, which is most useful for rf 
and video amplifiers employing small dc drain re- 
sistors. 

© Constant-current bias, which is best suited to 
low-drift dc amplifier applications such as source 
followers and source-coupled differential pairs. 

• Self bias (also called source bias or automatic 
bias), which is a somewhat universal scheme, 
particularly valuable for ac amplifiers. 

The Q-point established by the intersection of the 
load line and theVcs = -0.4 V output characteristic of 
Figure 1 provides a convenient starting point for the 
circuit comparison. The load line shows that a drain 
supply voltage, Vqd. of 30 V and a drain resistance, 
Rp, of 39 kn are being used. 

The quiescent drain-to-source voltage, Vqsq, is 
15 V, allowing large signal excursions at the drain. 
Maximum input signal variations of ±0.2 V will pro- 
duce output voltage swings of ±7.0 V, a voltage gain 
of 35. 

The constant-voltage bias circuit (Figure 2) is ana- 
lyzed by superimposing a line forVoG = constant on 
the transfer characteristic of the FET. 



v DS (V) 


Figure 1 . A large dynamic range is provided 

by the operating point at V DSQ = 15 V, 
I D q = 0.39 mA and V GSQ = -0.4 V. 



Figure 2. Constant-voltage bias is maintained by 
the v GG supply as shown on this typical 
transfer curve. Input signal eg moves 
the load line horizontally. 
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The transfer characteristic is a plot of Id vs. Vqs for 
constant Vps. Since the curve doesn’t change much 
with changes in Vqs. it is useful in establishing oper- 
ating bias points. In fact, it is probably more useful 
than the output characteristics because its curvature 
clearly warns of the distortion to be expected with 
large input signals. Furthermore, when a bias load 
iine is superimposed, aiiowabie signai excursions be- 
come evident, and input voltage, gate-source signal 
voltage, and output signal current calculations may 
be made graphically. 
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The heavy vertical line at Vqs = -0.4 V establishes 
the Q-point of Figure 1 . No voltage is dropped across 
resistor Rq because the gate current is essentially 
zero. Rq serves mainly to isolate the input signal 
from the Vqg supply. 

Excursions of the input signal, e g , combine in series 
with Vqs so that they add algebraically to the fixed 
value of -0.4 V. The effect of signal variation is to 
instantaneously shift the bias line horizontally without 
changing its slope. The shifting bias line then devel- 
ops the output signal current as shown in Figure 2. 



Figure 3. Constant-current bias fixes the output 

voltage for any Rq • Hence, input signals 
cannot affect the output unless the cur- 
rent source is bypassed. 


The constant-current bias approach (Figure 3) for es- 
tablishing the Q-point of Figure 1 requires a 0.39-mA 
current source, for an ideal constant-current gen- 
erator, input signal excursions merely shift the bias 
line horizontally and produce no resultant gate- 
source voltage excursion. This bias technique is 
therefore limited to source followers, source coupled 
differential amplifiers, and ac amplifiers where the 
source terminal is bypassed to ground at the signal 
frequency. 


Should the bypass capacitor not provide a sufficiently 
low reactance at the signal frequency, the ac bias 
line will not be be vertical. It will still intersect the 
transfer curve at the Q-point but with a slope equal to 
— ( 1 / X c ) = -wC (Figure 4). 



Figure 4. Partial bypassing of the current 
source (Figure 3) lowers the circuit 
gain by tilting the ac load line from 
the vertical. The capacitor drop 
subtracts from eg . 

This will lower the gain of the amplifier because of 
signal degeneration at the source. The input signal, 
e g , is reduced by the drop across the capacitor: 

VgS = e g - Vs = e g - 's^C 0) 


If an ac ground is provided by a bypass capacitor 
across the current source, a vertical ac bias line will 
be established. Input signal variations will then trans- 
late the ac bias line horizontally, and signal develop- 
ment will proceed as with constant-voltage biasing 
(Figure 3) . 


It is clear from Figure 4 that the input signal only 
shifts the operating point by an amount equal to Vqs. 
the effective input signal. As the signal frequency is 
decreased, the slope of the ac bias line decreases, 
causing the effective input signal to approach zero. 
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Self Bias Needs No Extra Supply 

The self-bias circuit (Figure 5) establishes the Q- 
point by applying the voltage dropped across the 
source resistor, Rs, to the gate. Since no voltage is 
dropped across Rs when Id = 0, the self-bias load 
line passes through the origin. Its slope is given by 
-1/Rs = Idq / V GSQ- 

Signal development is the same as in the case of the 
partially bypassed constant-current scheme except 
that the load line is a dc bias line. Signal degenera- 
tion is described by Equation 1 with Xq replaced by 
Rs- The ac gain of the circuit can be increased by 
shunting Rs with a bypass capacitor, as in the con- 
stant-current case. The ac load line then passes 
through the Q-point with a slope -(1 /Zs) = - (wC + 
1/Rs). 

The circuit is biased automatically at the desired Q- 
point, requiring no extra power supply, and providing 
a degree of current stabilization not possible with 
constant-voltage biasing. 
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-1.6 -1.2 -0.8 -0.4 | 0 | 



Figure 5. The self-bias load line passes through the 
origin with a slope -1/ Rs- Bypassing Rs 
will steepen the slope and increase the 
gain of the circuit. 


+V D d +Vqd + v DD 



-1.6 -1.2 -0.8 -0.4 0 0.4 0.8 1.2 1.6 


V GS (V) Vqg 

Figure 6. All three combination-bias circuits are equivalent. They add constant-voltage biasing to 
the self-bias circuit to establish a reasonably flat load line without sacrificing dynamic 
range. 
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A fourth biasing method, combining the advantages 
of constant-current biasing and self biasing, is ob- 
tained by combining the constant-voltage circuit with 
the self-bias circuit (Figure 6) . A principal advantage 
of this configuration is that an approximation may be 
made to constant-current bias without any additional 
power supply. The bias load line may be drawn 
through the selected Q-point and given any desired 
slope by properly choosing Vqg- (The bias line inter- 
cepts the Vqs axis at Vqg-) The larger Vqg is made, 
the larger Rs will be and the better will be the ap- 
proximation to constant-current biasing. 


All three circuits in Figure 6 are equivalent. Circuit 
6(a) requires an extra power supply. The need for an 
additional supply is avoided in 6(b) by deriving Vqg 
from the drain supply. Ri and R 2 are simply a volt- 
age divider. To maintain the high input impedance of 
the FET, Ri and R 2 must both be very large. 


Very large resistors cannot always be found in the 
exact ratio needed to derive the desired Vqg in every 
circuit application. Circuit 6(c) overcomes this prob- 
lem by placing a large Rq between the center point of 
the divider and the gate. This allows Ri and R 2 to be 
small, without lowering the input impedance. 


One point of caution worth remembering is that as 
Vqq is increased, Vs increases, and Vqs decreases. 
Therefore, with low Vqd. there may be a significant 
decrease in the allowable output voltage swing. 


Biasing for Device Variations 

The value of the combination-bias technique be- 
comes apparent when one considers the normal 
production spread of device characteristics. The 
problem is illustrated in Figure 7 where two limiting 
sets of output characteristics are presented. Limiting 
characteristics like these are not normally available. 
Even if they were, however, they’d be of little help in 
establishing operating points suitable for all devices 
with output characteristics lying between the two ex- 
tremes. The problem is much more easily 
approached by using the set of limiting transfer char- 
acteristics of Figure 8. 
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Figure 7. The wide variations in device perform- 
ance shown by this pair of output char- 
acteristics make clear the disadvantages 
of constant-voltage biasing. 


Attempting to establish suitable constant-voltage bias 
conditions for a production spread of devices is prac- 
tical only for circuits with very small values of dc 
drain resistance - for example, circuits with inductive 
loads. As the constant-voltage bias plot of Figure 8 
reveals, constant gate bias causes a significant 
difference in operating Idq for the extreme limit de- 
vices. At Vqs = -0.4 V, the range of Idq is 0.13 to 
0 . 69 mA , and Vqsq for a given R □ will vary greatly for 
most resistance-loaded circuits. For the example of 
Figure 1, with Rp = 39 kfl and Vpp = 30 V, Vqso 
varies from near saturation (5 V) to 25 V. 
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V GS (V) 


V GS (V) 


Figure 8. The advantages of combination biasing, when one is working with a spread of device characteristics, are 
made obvious by plotting the load lines for the various types of biasing on a pair of limiting transfer curves. 


An excellent method of biasing is the constant-cur- 
rent method of Figure 3. Biasing in this manner fixes 
the operating drain current for all devices and sets 
Vdsq to Vqd — I dqR i_fof any device in the production 
spread. Vqs automatically finds a value to set the ap- 
propriate I dq = constant for all devices. For the con- 
stant-current bias plot of Figure 8, with Iqq = 0.39 
mA, Vqs would range from -0.11 to -0.67 V. 

Output characteristics are not needed as long asloo 
is chosen to be below the minimum loss • With Rq = 
39 kn and Vdd = 30 V, Vdsq is 14.8 V for all devices. 

The disadvantages of the constant-current method 
are that it allows no signal to be developed unless the 
current source is bypasssed and, as we shall see, it 
lacks the flexibility to provide constant gain despite 
variations in the forward transconductance, gf S , of 
the devices. 


The self-bias scheme is a reasonable choice for sin- 
gle-ended dc amplifiers and for ac amplifiers. In un- 
bypassed or dc circuits, some compromise must be 
made between the gain loss due to current feedback 
degeneration and the advantage of current stabiliza- 
tion achieved with high Rs- 

An appropriate choice of I dq limits can be made by 
using the pair of limiting transfer curves. For exam- 
ple, forRs = 1 kn, the load line shown on the self- 
bias curve of Figure 8 is established. The maximum 
Id is 0.52 mA, and the minimum Id is 0.24 mA. The 
operating range of Vdsq may be calculated for any 
value of Vdd and Rd- Clearly, for Rd = 39 kn, the 
maximum-limit device (device B) would operate with 
Vdsq = 9-8 V and the minimum-limit device (device 
A) would operate with Vdsq= 20.6 V. This results in 
fairly satisfactory operation for all devices. However, 
such a variation in Idq imposes severe limitations on 
the circuit design. 
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A better approach is illustrated by the combination- 
bias curve of Figure 8 with Vqq= 1 .2 V. The range of 
I pq for the bias condition is 0.25 mA to 0.32 mA. A 
simiiiar minimum difference in Idq could be achieved 
with Rs = 6 kfl and Vqg = 0, (a seif-bias condition) 
but the operating points would be pushed toward the 
toe of the transfer characteristics and allowable sig- 
nal input would be reduced. 

The upper load line allows gf S = +1.8 V (limited by 
•dssa). while the lower line allows a Vqs of only 
+0.7 V (limited by VQS(off) A). (The subscript letters 
A and B refer to the minimum and maximum devices, 
respectively.) The combination circuit allows almost 
ideal operation over the full production spread of de- 
vices. Even with Rd = 6 kfl, the Vqsq would range 
only between 10 and 15 V. 

For this circuit, Rq should be chosen to allow the 
largest output signal swing for Idq midway between 
the two extremes of 0.25 and 0.32 mA; namely 
0.285 mA. Setting the voltage drop across Rp at 
one-half of (Vqd - 2 VQS(off)typ) or 14 V, yields Rp = 
(14 V/0.285 mA) = 49 kfl . 

It is helpful, in any design, to know the effect of tem- 
perature variations on the transfer curves and 
transconductance characteristics. Ideally, minimum 
and maximum transfer characteristics would be plot- 
ted at three temperatures: above, below, and at 
room temperature. Then the design would take all 
types of variation into account. 

Minimize The Gain Variations 

Leaving Rs unbypassed helps reduce gain variations 
from device to device by providing degenerative cur- 
rent feedback. However, this method for minimizing 
gain variations is only effective when a substantial 
amount of gain is sacrificed. 

A better approach is to use the combination-bias 
technique with the bias point selected from the trans- 
fer and transconductance curves (Figure 9) . 

As Figure 9 shows, it is possible to find an Rs and a 
V GG that will set I dqa and I dqb to values so that g f S Q 
will be the same for both devices. The gf S Q of all in- 
termediate devices will be approximately equal to the 
limiting values. Thus, a constant, or nearly constant, 
stage gain is obtained even with a bypass capacitor. 
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Figure 9. Gain variations are minimized when the 
load line is designed to intersect the pair 
of limiting transfer curves (top) at points 
of equal gf S (bottom). 

The design procedure is as follows: 

Step 1 . Select a desired I dqa below I dssa • A good 
value, allowing for temperature variations, 
is 60% of I dssa ■ This will allow for decreas- 
ing I dss due to temperature variation and 
for reasonable signal excursions in load cur- 
rent. 

Step 2. Enter the transfer curves at I dqa ~ 

0.6 I dssa (0.3 mA) to find Vqsqa ■ Thus 
Vgsqa ~ -0.2. 
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Step 3. Drop vertically at Vqsqa to the minmum 
limit transconductance curve to find gf S QA- 
The value as read from the plot is approxi- 
mately 1000 fiS. 

Step 4. Travel across the gf S plot to the maximum 
curve to find Vqsqb at the same value of 
gf S . This is Vqsqb ~ -0.7 V. 

Step 5. Travel vertically up to the maximum limit 
transfer curve to find I dqb at Vqsqb • This 
is I dqb ~ 0.36 mA. 

Step 6. Construct an Rs bias line through points Q a 
and Qb on the transfer curves. The slope of 
the line is 1/Rs. and the intercept with the 
Vqs axis is the required Vqq. 

As Figure 9 demonstrates, it may be somewhat in- 
convenient to perform Step 6 graphically. An alge- 
braic solution can then be employed instead. The 
source resistance is given by 

Rs = (Vgsqa - Vqsqb) / ( I dqb - I dqa) (2) 

and the bias voltage is 

Vgg= Rs I dqb + Vqsqb (3) 


Care should be taken to maintain the proper alge- 
braic signs in Equations 2 and 3. (For n-channel 
FETs, Vqs is negative and Id is positive. For p-chan- 
nel units, the signs are reversed.) 

If the transconductance curves of Figure 9 are not 
available, 9fs can be determined by simply measur- 
ing the slope of the transfer curve at the desired op- 
erating point. Just place a straight-edge tangent to 
the curve at the Q-point and note the points at which 
it intercepts the Id and Vqs axes. The slope and gf S 
are given by: 

Slope = gfs = I D(intercept) / ” VQS(jntercept) (4) 

In designing a constant-gain circuit, simply set the 
straight-edge tangent to the transfer curve of device 
A at point Qa and slide it, without changing its slope, 
until it is tangent to the curve of device B. The tan- 
gency point is Qb . 
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Designing Without Output Curves 

Although the transfer characteristic has been seen to 
be extremely valuable in designing a bias circuit, it 
cannot be used to graphically establish Vdsq ■ How- 
ever, if a set of output curves is not available, Vdsq 
can be determined or selected from the transfer 
curve by using the following procedure: 

Step 1. Establish Rs and limiting values of I dq . 
Vgsq and 9f S Q from the transfer curve. 

Step 2. Establish Vdd as available, but in no case 
greater than BVqss nor less than several 
times V gs ( off ) • There are special cases 
where Vdd will be below this limit, but in no 
case should instantaneous Vqq be allowed 
to fall below 2 xVQS(off) if minimum distor- 
tion is to be achieved. 

Step 3. Set Vdsq approximately midway between 
Vdd and 2 xVQS(off); lower if large output 
signals will not be handled. 

Step 4. Select Rd to give the appropriate Vdsq ■ 
The formula is: 

Rd = [(Vdd -Vdsq)/0.5 (I dqa+ I dqb)] - Rs (5) 

In the example of Figure 8, this procedure would 
have yielded Vdsq = (30 - 3)/2 = 13.5 V and Rd = 
(30 - 13.5)/0.5 (0.52 + 0.24) mA - 1 kO = 42.5 kn. 

Step 5. Check to ensure that with thisRo, device B 
is not in a saturated condition, i.e. Vdqb = 
Vdd - l dqb Rd > 2 VQs(off) + Rs I dqb- 

An alternate method, that selects Rd to provide a 
specified voltage gain, follows Steps 1 and 2 above 
and then proceeds as follows: 


Step 3 Determine required stage gain, Ay, and set 
Rd = Av/gfsQ- 


Step 4. Calculate Vdsq to ensure that the criteria of 
Step 2 are not violated: 

Vdsq = Vdd - (Rd + Rs) I dq (6) 



Step 5. If necessary, change I dq . Vdd. a v and/or 
Rd to obtain an optimum compromise. 
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FET SOURCE-FOLLOWER CIRCUITS 

The common-drain amplifier, or source follower, is a 
particularly valuable configuration; its high input im- 
pedance and low output impedance make it very 
useful for impedance transformations between FETs 
and bipolar transistors. By considering ten circuits 
(Figure 10), which represent virtually every source- 
follower configuration, the designer can obtain con 
sistent circuit performance despite wide device vari- 
ations. 

There are two basic connections for source follow- 
ers: with and without gate feedback. Each connec- 
tion comes in several variations (Figure 10). Circuits 
10(a) through 10(e) have no gate feedback; their in- 
put impedances, therefore, are equal toRc- Circuits 
10(f) through 10(k) employ feedback to their gates 
to increase the input impedance above Rq. 

Before getting into the details of bias-circuit design, 
note several general observations that can be made 
about the circuits of Figure 10: 


• Circuits a, c, d, f, h, and j can accept only posi- 
tive and small negative signals, because these 
circuits have their source resistors connected to 
ground. The other circuits can handle large 
positive and negative signals limited only by the 
available supply voltages and device breakdown 
voltage. 

• Circuits c, d, e ( h. j, and k employ current 
sources to improve drain-current (Ip) stability 
and increase gain. 

• Circuits d, e, and k employ FETs as current 
sources. In circuit d, Q 2 must have a lower cut- 
off voltage, VQS(off)* and a lower zero gate-volt- 
age drain current, I dss» than Q-|. 

® Circuits e, g, and k employ a source resistor, 
Rs, which may be selected to set the quiescent 
output voltage equal to zero. 

• Circuits e and k use matched FETs. Rs is se- 
lected to set Iq near the specified low-drift oper- 
ating current. The input-output offset is zero. 



Figure 10. Virtually every practical source-follower configuration is represented in this collection of ten 
circuits. The configurations in the top row do not employ gate feedback; the corresponding 
ones in the bottom row do. 
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Biasing Without Feedback Is Simple 

The no-feedback circuits of Figure 10 (circuits 10(a) 
through 10(e) use simple biasing techniques (see 
the earlier article). Circuit 10(a) is a self-bias con- 
figuration; the voltage drop across Rs biases the 
gate (which draws essentially zero current) through 
resistor R q . Since no gate-to-source voltage, Vqs. 
can be developed when Ip = 0, the self-bias load line 
passes through the origin (Figure 11). The quiescent 
drain current is seen to lie between about 0.25 and 
0.55 mA when a 1 kfl source resistor is used. The 
quiescent output voltage lies between 0.25 and 
0.55 V. 



-1.6 -1.2 -0.8 -0.4 0 


V GS (V) 


Figure 11. Self biasing (Figure 10a) uses the 
voltage dropped across the source 
resistor, Rs to bias the gate. The 
load line passes through the origin 
and has a slope of -1/R S . 



-1.6 -1.2 -0.8 -0.4 0 0.4 0.8 1.2 1.6 

V GS (V) 


Figure 12. Adding aV ss supply to the self-bias circuit (Figure 10b) allows it to handle large 
negative signals. The load line’s intercept with theV GS axis is at V GS = V S s • 
Bias lines are shown for V ss = -15 V and V ss = -1 .6 V. 
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Circuit 10(b) is another example of source-resistor output voltage lies between 0.18 and 0.74 V. For the 

biasing with a -Vss supply added. The advantage second, it lies between 0.3 and 0.82 V. 

over circuit 10(a) is that the signal voltage can swing 

negative to approximately -Vss- Two bias lines are The bias load line for circuit 10(c) is just a horizontal 

shown in Figure 12, one for Vss = -15 V and the line (lg = constant). The quiescent output voltage is 

other Vss = -1 -6 V. For the first case, the quiescent between 0.15 and 0.7 for lg = 0.3 mA. 
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Circuit 10(d) is similar to 10(c) except that the Vqs = 
0 output characteristic of FET Q 2 is used as a current 
source. As seen in Figure 13, Q 2 does not supply 
constant current when its Vps gets very small. This 
technique should therefore be used only to bias FETs 
whose VQS(off) is significantly higher than the equiva- 
lent VQS(off) of the current-source FET diode. 



V GS (V) 


Figure 13. FET Q2 doesn’t behave like an ideal 
current source when its Vds gets 
very small (Figure lOd). Therefore, 
Q 1 should have a significantly larger 

V GS ( 0 ff) than the Q2 does - 
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-1.6 -1.2 -0.8 -0.4 0 

V GS (V) 


Figure 14. This load line is set byR$2 and Q 2 

which acts as a current source (Figure 
lOe). This source follower, therefore, 
exhibits zero or near-zero offset. If the 
FETs are temperature-matched at the 
operating l D , the source follower will 
exhibit zero or near-zero temperature 
drift. 


A pair of matched FETs is used in the circuit of Figure 
10(e), one as a source follower and the other as a 
current source. The operating drain current (I dq) is 
set by Rs 2» as indicated by the load line of Figure 14. 
The drain current may be anywhere from 0.2 to 0.42 
mA, as shown by the limiting transfer characteristic 
intercepts; however, Vqsi = Vqs 2 because the FETs 
are matched. 



-1.6 -1.2 -0.8 -0.4 0 0.4 0.8 1.2 1.6 

Vqs (V) 

Figure 15. The bias load line is set byR G but the output load line is determined by R$ + Ri when gate feedback is 
'X employed (Figure 1 0f) . The feedback V FB is determined by the intercept of the R s + R-1 load line and 
the V GS axis. 
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-1.6 -1.2 -0.8 -0.4 0 0.4 0.8 1.2 1.6 


V GS (V) 


Figure 16. Rs can be trimmed to provide zero offset at some point between 670XL and 2.5 kO, (Figure 
lOg). The source load line intercepts the V GS axis at V ss = V GG = -15 V. Note that this 
load line is not perfectly flat. It has a slope of -1/50 kfr. , because the current source is not 
perfect; it has a finite impedance. 


Biasing With Feedback Increases z iN 

Each of the feedback-type source followers (Figure 
10(f) through 10(k) is biased by a method similar to 
that used with the nonfeedback circuit above it. How- 
ever, in each case, Rq is returned to a point in the 
source circuit that provides almost unity feedback to 
the lower end of Rq- If R s is chosen so that Rq is 
returned to zero dc volts (except in circuit 10(f), then 
the input/output offset is zero. Ri is usually much 
larger than Rs ■ 


Circuit 10(f) is useful principally for ac-coupled cir- 
cuits. Rs is usually much less than Ri to provide 
near-unity feedback. The bias load line is set by Rs 
(Figure 15). The output load line, however is deter- 
mined by the sum of Rs + Ri • The feedback voltage 
Vfb . measured at the junction of R s and R i , is deter- 
mined by the intercept of the Rs + Ri load line with 


the Vqs axis. The quiescent output voltage is Vfb - 
Vgs- 

In the circuit of Figure 10(g), Rs can be trimmed to 
provide zero offset. As the curves show (Figure 16), 
Rs will be between 670 fl and 2.5 kH. Rs is much 
less than Ri . The source load line intercepts the Vqs 
axis at Vss = -Vgg = -15 V. 

Circuit 10(h) is almost the same as 10(g); the differ- 
ence is that resistor Ri is replaced by a current 
source. Since an ideal current source has infinite im- 
pedance, the bias curve of circuit 1(h) differs from 
that of Figure 10(g) (Figure 16) in that the load line is 
perfectly flat. In Figure 16 the load line is almost, but 
not quite, flat; it has a slope of -1/50 kfl. 

Circuit 1 0 (j) is similar to 10(h) except that the output 
is taken from the top of Rs to reduce the output im- 
pedance. Rs must be trimmed if the circuit is to work 
properly. 
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V GS (V) 


Figure 17. If R s is not trimmed so that the load line passes through the origin, a voltage will appear at the 
gate causing a reduction in dc input Impedance. The incremental input impedance will not be 
affected. 


In Figure 17, the constant-current load line repre- 
sents a 0.3 mA current source, and the effect of a 
1 kn source resistor is shown. The offset voltage is 
seen to lie between 0.2 and 0.75 V. The intercept of 
the Rs load line and the Vqs axis sets the voltage at 
the junction of Rs and the current source ^fb) • For 
Rs = 1 kn, Vfb will be between -0.1 V and 0.45 V. 
Since Vfb appears at the gate, it must be zero if the 
dc input impedance of the circuit is to be preserved. 


This can be done by trimming Rs* as shown dashed 
in Figure 17. The biasing then becomes the same as 
for circuit 10(h) . 

Biasing for circuit 10(k) is identical to that for circuit 
10(e) (Figure 14) except that feedback is added to 
raises the input impedance. 
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HIGH JFET GATE INPUT RESISTANCE SERVES WELL - 

IF YOU CAN UTILIZE IT 


Many designers try to take advantage of high JFET 
input resistance, only to be disappointed with the re- 
sults. Understanding the reasons for this character- 
istic can help you make the most of a useful JFET 
property. 

One of the most widely known characteristics of 
JFETs - their high gate input resistance - is rarely 
specified on these devices’ data sheets. But deriv- 
ing this important parameter correctly from the infor- 
mation provided, and then applying it properly, are 
the keys to good JFET circuit design. 

The sampling-probe circuit shown in Figure 1 is an 
example of a common JFET application. It utilizes as 
a source follower a 2N4868A n-channel device with a 
drain voltage of 30 V and a 1-mA drain current. Be- 
cause this probe must sample 10 V-rms signals on a 
high-impedance line and must not load the circuit un- 
der test, it must also exhibit a very high input resis- 
tance. Assuming the data sheet for the JFET used in 
the probe lists a 40-V minimum breakdown voltage 
and a 250-pA maximum Iqss, the probe circuit de- 
sign does not provide the required high input resis- 
tance. 

A MASTERY OF JFET CIRCUIT DESIGN BE- 
GINS WITH THE DATA SHEET 

To understand what’s wrong with the circuit depicted 
in Figure 1 (and it isn’t the JFET that’s at fault), con- 
sider the roots of the problem. The JFET is used in- 
correctly here because of any or all of the following 
faults: 

• An improperly characterized data sheet 

• An improper interpretation of the data sheet 

• A misunderstanding of why a JFET exhibits a high 
gate input resistance 

You can’t do much about the first fault except to 
make sure you know enough about these devices to 
recognize misleading data when you see it. For the 
most part, though, the latter two faults are the ones 
primarily responsible for incorrect JFET use. 


Ed Oxner 

Reprinted from EDN, February 20, 1979 
©1988 CAHNERS PUBLISHING COMPANY 
a Division of Reed Publishing USA 

If you design a circuit with at least 10 Mfl input resis- 
tance - such as the circuit in Figure 1 - and the JFET 
data sheet lacks an input-resistance specification, 
you can extract an indication of this important pa- 
rameter from another specification: gate current, 
which is inversely proportional to gate input resis- 
tance. Thus, JFETs with a 1-mA gate current provide 
an input resistance orders of magnitude lower than 
those with a 1-nA gate current. 



Figure 1. This JFET-input probe is designed for 
failure. 

However, unwary designers can also fall into the trap 
of using Iqss - gate current with the drain terminal 
shorted to the source - as an indicator of input resis- 
tance. But Iqss does not characterize the operating 
gate current - clearly, the JFET’s high input resis- 
tance is not utilized with the drain shorted to the 
source. Some years ago, the commonly accepted 
design procedure specified gate current at about 1/2 
Igss for the desired drain-gate voltage. But this is a 
reasonable approximation only so long as the drain- 
gate voltage remains below the “Iq breakpoint.” 
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The way out of this dilemma is to recognize that I gss 
represents nothing more than a measurement of 
reverse-bias diode current. 


With source shorted to drain, the channel becomes a 
cathode and the gate becomes an anode, and their 
interaction can be considered to constitute a simple 
diode, in tnis diode model, tne reverse current typi- 
cally stays small until it increases abruptly at some 
finite voltage - termed the reverse (avalanche) 
breakdown voltage - because of a process called 
avalanche multiplication. 


Reverse current itself originates principally from the 
thermal generation of electron/hole pairs within the 
JFET’s junction space-charge region. Avalanche 
multiplication then occurs when an electron within 
this space-charge region develops so much energy, 
through increasing acceleration and subsequent colli- 
sions, that other electron/hole pairs are created, re- 
sulting in rapidly increasing reverse current and rap- 
idly decreasing gate input resistance. 


JFETs Act Differently In A Circuit 

An operating JFET differs from the preceding diode 
model because its drain is not shorted to the source 
and some finite drain current passes through the 
channel. Designers, furthermore, often overlook this 
drain current’s effects upon gate current. 


Illustrating the drain-current effect, Figure 2 shows 
that gate current (Iq) increases linearly with drain 
current when the drain-gate voltage exceeds the Iq 
breakpoint; it also indicates that Iq increases expo- 
nentially with the drain-gate voltage (Vdg). (Raising 
the Vqg level increases impact ionization, thus in- 
creasing gate current.) 


Replotting Figure 2 as Figure 3, this time using drain- 
gate voltage as the primary variable, exposes the 
critical relationship between these two parameters. 
The tremendous difference between the Iq curves 
and the superimposed I gss characteristic reveals the 
folly of using I gss values above the Iq breakpoint to 
determine gate input resistance. 



10" 7 10~ 6 10~ 5 10" 4 


Id (A) 

Figure 2. Gate current is a linear function of drain 
current in the 2N4868 JFET. 



0 15 30 45 60 


V DG (V) 

Figure 3. A plot of gate current versus drain gate 
voltage for the 2N4868 JFET shows why 
you can’t use l GSS values above the 
breakpoint to determine gate input resis- 
tance. 
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Yet another plot of the same JFET data yields addi- 
tional information. Figure 4 shows a comparison of 
two ratios: gate current to drain current (I g / • D ) ver- 
sus drain-gate voltage to drain-gate breakdown 
voltage ( Vdq/BVdgo) • Figure 2 provides data for 
the current ratio and Figure 3 furnishes voltage fig- 
ures, with the drain-gate breakdown voltage estab- 
lished at the 57 V Iqss breakpoint.) 



0 0.2 0.4 0.6 0.8 1.0 1.2 


V DG 

BYSgo 

Figure 4. Normalized gate-current (leakage) vari- 
ations depend upon drain-gate voltage, 
plotted here for n- and p-channel JFETs. 
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similar to that of the n-channel device, but because 
of this device’s lower mobility and the resulting lower 
impact ionization, the p-channel curve is pushed out 
to a higher voltage and, therefore, presents less of a 
problem. 

The Data Sheet’s To Blame 

Although high gate input resistance is important in 
many applications including differential and opera- 
tional amplifiers (as well as in the probe example 
here) , the spec sheets for many JFETs offer no hint 
of operating gate current. 

If you have an application requiring high input resis- 
tance, you are thus confronted with something of a 
problem. If you don’t care to tediously characterize 
selected JFETs yourself, you can only hope that the 
vendor has overridden the JEDEC format in its cata- 
log and has included operating-gate-current figures. 
Alternatively, the vendor might offer a graphical pres- 
entation of gate-current data as in Figure 3. How 
ever this information is presented, be aware that the 
operating gate-current characteristic for a particular 
JFET type can vary among manufacturers. Thus, if 
you change vendors - watch out. 

Referring back to the example presented at the be- 
ginning of this article, you should understand by now 
why the probe doesn’t perform as expected. The 
drain-gate voltage is a combination of the +30-V bias 
supply and the peak negative potential of the 
10-Vrms signal appearing at the gate. The gate cur- 
rent, therefore, peaks to nearly 1 jxA, and the input 
resistance falls short of the levels it could attain. 


While Figure 4 illustrates the dependence of current- 
ratio (leakage) characteristics on drain-gate voltage, 
it also simultaneously shows this parameter's inde- 
pendence from the type of n-channel JFET - fabrica- 
tion technique employed. Curve A represents ratios 
from both a short-channel JFET and a long-channel, 
high-frequency JFET. 

The problem of gate-leakage dependence on drain- 
gate voltage, however, is a characteristic principally 
of n-channel devices. The p-channel JFET (repre- 
sented by curve B in Figure 4) exhibits a response 


If you want to remedy this problem, one solution is to 
lower the bias voltage from +30 V to +20 V, thereby 
increasing the probe’s input resistance to an 
acceptable level. You could, however, choose a 
better solution that permits high drain voltages and 
appreciable gate potentials without losing the JFET’s 
unique high gate input resistance by using a cascade 
circuit similar to the one shown in Figure 5b. In this 
arrangement, the input JFET's drain potential re- 
mains low because of its interaction with the piggy- 
back JFET. Figure 6 compares the gate currents 
(and thus the input-resistance performance) of the 
two circuits depicted in Figure 5 and demonstrates 
the advantage of the dual-JFET configuration. 
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(A) 


V IN O 


Figure 5. 


Figure 6. 


10 V 

9 



(B) 30 V 



A single-JFET circuit (a) offers simplicity, but it might not provide the high input resistance you 
want. A cascode dual-JFET alternative (b) solves the input-resistance problem. 



-30 -20 -10 0 10 20 30 


V D G (V) 


A plot of gate current for both circuits in Figure 5 reveals that the dual-JFET one maintains its 
low gate current over a much wider operating-voltage range. 
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AUDIO FREQUENCY NOISE CHARACTERISTICS 

OF JUNCTION FETS 

Bruce Watson 


INTRODUCTION 

The purpose of this application note is to identify and 
characterize audio frequency noise in junction field- 
effect transistors (JFETs). Emphasis is placed on 
basic device characteristics rather than on end 
applications, since it is important for the circuit 
designer to know the salient noise behavior of the 
JFET and how those characteristics may be specified 
by production-oriented test parameters. 

Defining the FET Noise Figure 

For analysis, it is convenient to represent noise in a 
FET by assuming that an ideal noise-free device has 
two external noise sources, e n and T n . These noise 
sources are chosen to have the same output as an 
actually noisy FET. An equivalent circuit is shown in 
Figure 1 . 


_ Total available output noise power 

Noise power at output due to thermal noise of R G 
or 

Noise power output due to R G + noise power 

P output due to FET 

Noise power output due to R G 

or 

F - 1 + Noise power output due to FET 
Noise power output due to R G 

or 

P _ 1 + Gain X noise power of FET referred to input 
Gain X noise power due to R G 
or 

F - i + Noise power of FET referred to input 
Noise power due to R G 

The thermal noise voltage across Rq is 

eT = V4kTR Q B (1) 



Figure 1. Representing Noise in an Ideal FET 


where k = 1.380 x 10~ 23 Joules/°K (Boltzmann’s 
Constant), T = temperature in °K , and B = band- 
width in Hz. Therefore, noise power due to Rg is 

= 4KTRgB = 4kTB (2) 

Rq Rq 

The noise power of the FET referred to the input is 

— + i n 2 • Rg (3) 

r g 

When expressions for the noise power of both the 
FET and Rq are substituted, the noise factor be- 
comes 


A noise factor (F) is a Figure of Merit of a device with 
respect to the resistance of a generator. To calculate 
a noise factor, a source resistor, Rq , with a thermal 
noise voltage, ej , is added to the circuit. 

A noise factor (F) may be defined as 


e n 2 + in 2 Rq 2 

F = 1 + — 

4kTR G B 


( 4 ) 



A noise figure (NF) expressed in dB indicates the 
presence of added noise power from the FET or an- 
other active device. The noise figure is always given 
with reference to a standard, specifically the genera- 
tor resistance Rg: 
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NF = 10 log 10 [F] (5) 

The noise figure of the FET is 

NF = 10 logic fl + . en2 * ln2 Rq2 IdB (6) 

L 4kTR G B J 

When junction FET noise is expressed in terms of the 
noise figure (NF), an inherent disadvantage arises 
because the noise figure value is dependent upon 
the value of the generator resistance, Rq ■ There- 
fore, the e n , T n method remains as the best way to 
quantitatively express the noise characteristics of the 
FET. 

Describing Junction FET Noise Characteris- 
tics 

Junction FET e n and T n characteristics are fre- 
quency-dependent within the audio noise spectrum 
and take the form as shown in Figure 2. 
e n , the equivalent short circuit input noise voltage 
(with the exception of the 1/f n region), is defined as 

e n = V 4kTR n B ( 7 ) 

where Rn ^ 0.67/9f S , the equivalent resistance for 
noise. The e n . except in the 1/f n region, closely 
approximates the equivalent thermal noise voltage of 
the channel resistance. 

In the so-called 1/f n region, e n is expressed as 
©n = V4kTR N B (1 + f i / f n ) (8) 
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where n varies between 1 and 2 and is device- and 
lot-oriented. 

The characteristic bulge in e n in the 1/f n region has 
been observed to some extent in all junction FETs 
submitted for testing. The breakpoint or corner fre- 
quency shown as f-| in Figure 2 is lot- and device 
design-oriented, and varies from about 100 Hz to 
1 kHz. 

As indicated in Equations (7) and (8), e n is inversely 
proportional to the square root of the transconduc- 
tance of the FET (e n ce 1/Vofs). e n can be lowered 

by a factor of 1/V N if N devices with matched 
electrical characteristics are connected in parallel. 
For example, when 


N = 2 

(9) 

let 


®n1 = ®n2 

(10) 

and let 


9 fsl = 9 fs2 

(11) 

Thus, 


9fs TOTAL = 2 9 fs i or 2 9 fs2 

(12) 

From equation (7) 


e n i = V4kT (0.67/ g fs1 ) B 

(13) 


e n - EQUIVALENT 
SHORT-CIRCUIT 
INPUT NOISE 
VOLTAGE 
(NV/VhI) 



10 100 IK 10 K 100 K 


i n - EQUIVALENT 
OPEN-CIRCUIT 
INPUT NOISE 
CURRENT 
(AMP/Vhz ) 


f - FREQUENCY (Hz) 


Figure 2. Characteristics of Junction FET Noise 
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and 

e n TOTAL = V4kT (0.67/ 2g fs1 ) B (14) 

Thus, 

e n TOTAL = l y^- eni (15) 


A second way to achieve low e n is to use a device 
with a large gate area. Empirically, e n is inversely 
proportional to the square of the gate area (e n a 
1 /Aq 2 ), independent of 9f S . This large gate area 
philosophy has been followed in the design of the 
Siliconix 2N4867A FET, and noise performance of the 
device is discussed later in this application note. A 
major advnatage of this design is that e n is signifi- 
cantly lowered and T n also remains at a low value. 

The equivalent open-circuit input noise current, T n , 
with the exception of the shot noise region shown in 
Figure 2, is due to thermally-generated reverse cur- 
rent in the gate channel junction. It is defined as 


Tn = V2 q | g b 


(16) 


where q = 1 .602 x 10“ 19 coulomb (the magnitude of 
the electron charge), Iq is the measured dc operat- 
ing gate current in amperes, and B is bandwidth in 
Hz. The expression is accurate only when the meas- 
ured gate current is the result of bulk device conduc- 
tance. It is possible for the measured gate current to 
be due to conductance stemming from contamina- 
tion across the leads of the semiconductor package. 

At higher frequencies, as in the shot noise region 
shown in Figure 2, T n can be approximated as being 
equal to the Nyquist thermal noise current generated 
by a resistor: 


t / 4kTB 

01 

where Rp is the real part of the gate-to-source input 
impedance. The breakpoint or corner frequency f 2 in 
Figure 2 is lot- and device design-oriented and can 
vary from 5 kHz to 50 kHz. 

Another form of noise found in junction FETs is known 
as ’’popcorn” or burst noise; the term popcorn noise 
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was originated in the hearing aid industry because of 
noise or level shifts which are present in input 
stages, and which resemble the sound of corn pop- 
ping. 

Popcorn noise is a form of random burst input noise 
current which remains at the same amplitude and 
which is confined to frequencies of 10 Hz or lower. 
The suitability of a FET device is dependent on the 
amplitude of the burst, its duration, and its repetition 
rate. The origins of popcorn noise are not completely 
identified, but are believed to be caused by intermit- 
tent contact in aluminum-silicon interfaces and by 
contamination in the oxidatin processes. 

A test circuit to measure popcorn noise in differential 
junction FET amplifiers is shown in Figure 3. In prac- 
tice, popcorn noise is evaluated on an engineering 
basis, not on a production-line basis. No correlation 
between 1/f n noise at 10 Hz and popcorn noise has 
yet been found in junction FETs. However, if the am- 
plitude of the burst is large and occurs frequently, 
then 1/f n noise voltage (e n ) is masked and difficult 
to evaluate at 10 Hz. 



Figure 3. Test Circuit to Measure Popcorn Noise 



The graph in Figure 4 shows ’’moderate” burst noise 
observed in a group of junction FET differential ampli- 
fiers which were measured in the test circuit. 
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Figure 4. Popcorn Noise in Differential Amplifiers 


Operating Point Considerations 

Unlike bipolar transistors, where e n and T n charac- 
teristics vary directly with changes in the collector 
current (Iq), similar characteristics in junction FETs 
will vary only slightly as drain current (Id) is varied. 
This is true as long as the FET is biased so that the 
drain-source voltage is greater than the pinch-off 
voltage (V D s>V p orVas(off) )• 

The e n in junction FETs will be lowest when the de- 
vices are operated at Vqs = 0 (Id = 1 dss). where 
transconductance (9f S ) is at its highest value. This 
will be true only if device dissipation is maintained 
very low in relation to the total dissipation capability 
of the FET. 

The curves shown in Figure 5 illustrate changes in e n 
as the operating drain current Od) is varied. Note 
that the lowest e n did not occur at Vqs = 0 because 
of high power dissipation and a resultant rise in junc- 
tion temperature at the operating point. 

The optimum (lowest) In in depletion-mode junction 
FETs should occur at Vqs = 0 (I d = I dss ) • In practice, 
very little change will be seen in I d when the operat- 


ing point is changed, provided that the drain-gate 
voltage is maintained below the gate current (Iq) 
breakpoint and power dissipation is kept at a low 
level. The curves shown in Figure 6 illustrate T n char- 
acteristics as a function of drain-gate voltage at 
points below, on, and above the Iq breakpoint volt- 
age. 



10 100 IK 10 K 100 K 


f - FREQUENCY (Hz) 
Figures. e n Changes vs. I D Variations 
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f - FREQUENCY (Hz) 


Figure 6. - Characteristics as Function of 

DVain-Gate Voltage 

In circuit design, particular attention must be paid to 
drain-gate voltage (Vdg) to minimize gate current 
(Ig) under operating conditions. The critical drain- 
gate voltage (Iq breakpoint voltage) can be any- 
where from 8 to 40 V, depending on device design. 
Gate operating current (Iq) should not be considered 
equal to gate reverse current (Igss) in linear amplifi- 
er applications. Igss is only an indication of reverse- 
biased junction leakage under non-operating condi- 
tions. The curves shown in Figures 7 and 8 reveal 
how the Iq breakpoint is related to basic device 
design. Device designs with a high 9f S /Cj SS ratio 
have low breakpoint voltages, typically at Vqsg = 
10 V; whereas, high M- devices (P- = rd S * 9f S ) have 
much higher Iq breakpoints, typically Vdg =20- 
30 V. 

Characteristics of e n and 7 n at Low Tem- 
perature 

Three equations presented earlier [ (7), (16) and 
(17) ] show that e n and T n are temperature depend- 
ent. e n and T n are proportional to Vt , and both will 
be reduced if the temperature is lowered. In Equation 
(16), T n is proportional to VTq I 1 G will halve for 
each temperature drop of 10 to 11 °C. e n is also 
proportional to VRn * where Rn ^ 0.67/9f S . Thus 
when 9f S is increased, which is typical of junction 
FETs operating at low temperature, e n will also be- 
come lower. 

In Figure 9, 9f S has been plotted vs. temperature for 
silicon junction FETs, and the low temperature limita- 
tion caused by a drop-off in 9f S is clearly shown. 



V DG - DRAIN-GATE VOLTAGE (V) 


Figure 7. Gate Operating Current vs. 
Drain-Gate Voltage 



V DG (V) 

Figure 8. Gate Current vs. Drain-Gate 
Voltage 



Figure 9. gf s vs. Temperture 
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In connection with the plot of 9f S vs. temperature, 
note that the relationship can vary from approxi- 
mately 0.2% to 1% per °C. The 9f S slope depends 
upon the basic design of the FET and upon the prox- 
imity of the drain current operating point to I dz . the 
zero temperature coefficient point. 

The major application of junction FETs at low tem- 
perature is in charge-sensitive amplifiers. For best 
performance in inis type of application, a high 
9fs/Ciss ratio is required. Recommended Siliconix 
FET types for such applications are the 2N4416 and 
the U310. 

Test Measurements 

By definition, e n and T n are referred to the input of 
the device under test. To measure e n , the test cir- 
cuit shown in Figure 10 will prove useful. 

The following procedure should be used to make the 
e n test: 

1. Set the tunable filter to the required f| 0W and 
f high • Adjust the oscillator to the mean center 
frequency [ fmean = ( flow • ^ high ) 1/2 ]■ 

2. Set Vosc to 100 mV with Switch 1 in position 

©. 

2 

Computer Vinl =10 _1 X = 10“ 5 V = 10 jiV. 
16 6 
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4. Set Switch 1 to position © and measure VouT 2 • 
Compute Vin2 , the equivalent short-circuit input 
noise voltage (e n ), using Ay from Step 3. 

Vj n 2 = ■ V °' JT2 - = e n in volts over band- 

Av 

band f | 0 w to f high • 

An alternate method of performing the above test 
uses a Quan-Tech Transistor Noise Analyzer consist- 
ing of a Model 2173 Control Unit and a Model 2181 
Filter. The analyzer has provision for measuring e n 
and determining NF with various values of Rq in FET 
and bipolar devices with selectable test conditions. 
The measuring system has a constant gain of 
10,000. The analyzer records output noise at se- 
lected frequencies between 10 Hz and 100 kHz in the 
device under test, with the scale shown as the actual 
output divided by 10,000. This is then the output 
noise referred to the input. The equivalent bandwidth 
for testing is 1 Hz. 


There are certain instances where the test circuit or 
the Transistor Noise Analyzer are not adequate to 
measure e n at certain frequencies over certain 
bandwidths in the 1 /f n region. The RMS noise over a 
bandwidth from f| 0W to f high, where there is a 1/f n 
characteristic over the entire range, can be com- 
puted as 


3. 


Measure Vouti . Compute overall gain as 
A _ Vouti _ Vouti 
v " Vim 10 jiV ‘ 


e n = [e n known]. [f known • In (18) 


flow 


+V DD 
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Figure 11. Computing rms Noise Over 
a Bandwidth 


Figure 11 represents this equation graphically. For 
example, e n known = 70 x 10" 9 V/V Hz at 10 Hz - 
How much noise is in the band from 4.5 to 5.5 Hz? 
The noise has a 1/f 1 characteristic over the entire 
range. Thus 

1/2 

e n = [70 x 10~ 9 ] • [l0 *1n (“^g")] Volts (19) 
or 

e n = 99.16 xIO" 9 V/ \[~Hz @ 4.975 Hz, (20) 

4.975 Hz is the mean center frequency where f mean 
= (f low ° f high ) 1/2 ■ 

T n measurements are difficult to implement at best. 
At frequencies below f 2 in Figure 2, T n is assumed to 
have a constant level or ’’white” noise characteristic 
which may be correlated to gate current, Iq. From 
Equation (16) Iq is established as the measured bulk 
gate current. Because measured gate current (Ig) is 
the result of all conductances at the gate, the result- 
ing gate current and the computed T n due to bulk 
material can be assumed to be this value or less. 

The total equivalent input noise of the FET can be 
approximated by 

e n i 2 =eT 2 + ©n 2 + in 2 *RG 2 (21) 

_ o 

where ej is the thermal noise of the generator re- 
sistance Rg and e n i 2 is the total noise referred to the 
input. This approximation assumes that the equiva- 
lent noise voltage and the current generators vary 


LPD-5 

independently. Equation (21) implies that T n 2 can be 
calculated if ej 2 and total noise e n i 2 are known. The 
difficulty here is that in MOS or junction FETs, the Rg 
must be very large to detect the anticipated small 
value of T n . However, whenRa is very large, ej 2 is 
much greater than T n 2 *Rq 2 - For example, over a 
1-Hz bandwidth at 25°C, if Rg is equal to 100 Mfl, 
then 

e T 2 = 4kTRa 

= 4 x 1.38 x 10' 23 x 2.95 x 10 2 x 10® 

= 1.63 x 10~ 12 V//Hz\ (22) 

Anticipated i n is 

T n ^ 10- 15 Amperes A/ Hz (23) 

and 

in 2 = 10 -30 Amperes A/TiF. (24) 


Thus 

In 2 • Rq 2 = 10' 3 ° . 10 16 = 10" 14 vA/Hz". (25) 

Therefore, T n 2 • Rg 2 is much less than ey 2 , which 
renders this method of finding T n impractical for most 
common MOSFETs or junction FETs. 

An improved method of measuring T n 2 is to substi- 
tute a low-loss mica capacitor for resistor Rq . The 
mica capacitor by definition does not have equivalent 
thermal noise voltage and, thus, Equation (21) be- 
comes 


.X C 2 


(26) 


(where Xq = capacitive reactance) 


i n = 


( e n i 2 - e n 2 ) 


1/2 


X C 


(27) 


When a 1 0-pF mica capacitor was used in the 
evauluation circuit (up to a frequency of 100 Hz), a 
correlation of from 80 to 90% was obtained when 
compared to T n 2 computed from measured gate 
current readings. At frequencies above 100 Hz, 
direct computation of T n via the capacitor method 
becomes unwieldy because of the rapid decrease in 
capacitor reactance at these frequencies. 
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1000 K 


100 K 

Rp 

(XI) 

10 K 


1 K 

0.1 1 10 100 1 K 

f - FREQUENCY (MHz) 

Figure 12. Low-Frequency Limit for 
Calculated i n 
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Figure 13. Extrapolated in vs. Frequency 


250A Rx meter or equivalent. The 250A Rx meter can 
measure R p accurately up to 200 kfl. As is shown in 
Figure 12, this establishes the low-frequency limit of 
20 MHz for T n computed via direct measurement of 
Rp for the Siliconix FETs 2N4117A. For frequencies 
between 100 Hz and 20 MHz, T n must be extrapo- 
lated, as shown in Figure 12 and 13. For FET types 
with lower R p (such as the Siliconix 2N4393) T n can 
be computed down to 2 MHz, and, hence, extrapo- 
lating T n between 100 Hz and 100 kHz is more accu- 
rate. 

The curves shown in Figure 14 are representative 
e n » In curves for Siliconix JFET products. Of par- 
ticular importance is the geometry which by its de- 
sign governs the basic noise characteristics of 
product types derived from it. 


CONCLUSION 

Contemporary junction FETs have noise voltages 
(e n ) equal to those found in low-noise bipolar tran- 
sistors. Each type of device has a different operating 
mechanism: the FET is voltage-actuated, while the 
bipolar transistor is current-actuated. Hence, FETs 
have an inherently lower noise current (T n ) and are 
preferred over bipolar devices in most audio-fre- 
quency applications where low-noise performance is 
a design requirement. 

When bias points are properly selected, as described 
in this application note, the excellent low-noise char- 
acteristics of high 9f S junction FETS can be realized. 

The process geometry of the basic FET design of the 
FET governs the noise characteristics of product 
types derived from it. Readers are invited to refer to 
the Siliconix FET catalog for full geometry perform- 
ance data and for specific part numbers stemming 
from the generic process geometries. 


In calculating T n at higher frequencies, an alternate 
method is to measure (R p ) the real part of the gate- 
source impedance of the FET. WhenR p is measured 
at various frequencies, the equivalent short-circuit in- 
put noise current (T n ) can be computed as a function 
of frequency (see Equation (17). A convenient in- 
strument to measure R p is the Hewlett-Packard Type 


The measurement section of this application note 
showed that direct e n measurements can readily be 
made. T n can be guaranteed at frequencies below 
100 Hz by measuring the dc operating gate current 
(Ig). When Iq is known, T n can be extrapolated from 
frequencies below 100 Hz to predict noise perform- 
ance at frequencies to 100 kHz. 
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NCB NIP 



f - FREQUENCY (Hz) f " FREQUENCY (Hz) 


NPA NRL 



f - FREQUENCY (Hz) f _ FREQUENCY (Hz) 



f - FREQUENCY (Hz) f _ FREQUENCY (Hz) 


Figure 14. Noise Characteristics by Geometry 
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JFETS FOR VIDEO AMPLIFIERS 


INTRODUCTION 

The field-effect transistor lends itself well to video 
amplifier applications. Gain bandwidth products in ex- 
cess of 250 MHz may be easily achieved using sim- 
ple one- or two-transistor circuits. DC input resis- 
tances in the tens of MH range may also be easily 
achieved while input capacitances may be signifi- 
cantly reduced to less than 1 pF by well-known circuit 
techniques. Video amplifiers have applications in 
communications and pulse amplifying circuits and 
normally operate up to 100 MHz. 

Behavior of JFET Input Resistance 

A prime JFET parameter, input impedance, has a 
large effect in determining the frequency response of 
a JFET video amplifier. It is not a simple RC network, 
but one in which the real and imaginary parts are a 
function of frequency. 

The voltage generator source resistance Rg and the 
JFET input impedance Z in form a frequency sensitive 
attenuation network. The larger theRo, the worse will 
be the frequency response and vice versa. Examin- 
ing this in greater detail, consider the input equiva- 
lent circuit of a JFET connected in the common 
source configuration, 

where 

Rgs and R g d = bulk series gate resistance 
C gs andCgd = bulk series gate capacitance 
9 oss = output conductance 



s 


Figure 1 . 


For this analysis the gate source leakage resistance 
has been ignored due to its high value. Redrawing 
the input equivalent circuit as a simple parallel resis- 
tance-capacitance combination results in 



Figure 2. 

where 

<3l = Re | Y in | 

_ m 2 UiCi(1 +m 2 T 2 2 ) h-T 2 C 2 (1 +(o 2 T 1 2 )] 

1 - (u 2 TiT2) 2 + u 2 (T 1 2 + T 2 2 ) 
and 

Bl = ImlYj 

= to [Cj (1 + to 2 T 2 2 ) + C 2 (1 + <i) 2 T 1 2 ) ] (2) 

1 -(co 2 T 1 T 2 ) 2 + u 2 (T 1 2 + T 2 2 ) 

where 

Tl = Cgd Rgd ^ 

"i" 1 = Cgs Rgs 

The input resistance varies inversely with the square 
of the frequency (see Figures 3 and 4), while the in- 
put reactance is inversely proportional to the fre- 
quency (see Figure 3). 

In common-source circuits, l/Gi will typical fall 
to < 2 kfl at 100 MHz while Ci remains substantially 
constant at least up to 1000 MHz. Figures 3 and 4 
exhibit these relationships. 
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FREQUENCY (MHz) 
Figure 3 



a. 


15 V 



To maintain low input capacitance and, thus, a high 
input impedance over a wide frequency range, feed- 
back may be applied to most circuits. Such tech- 
niques are explored in “JFET and Bipolar Cascade” 
section of this application note. The effect of Rq on 
the frequency response is shown in Figures 6 , 9, 11, 
and 13 where various amplifier configurations are in- 
vestigated. 

Circuits to Consider 

The following five video amplifier circuits are consid- 
ered. 

1 . Common-Source Configuration 
2 Shunt-Peaked Common-Source Configuration 
3. Source Follower 
4 Cascode Amplifier 
5. JFET and Bipolar Cascade 

Common-Source Circuit 

The circuit shown in Figure 5 features high input im- 
pedance and high voltage gain. The drain resistor is 
set at 560 fl to maintain good bandwidth which, with 
50-IX generator impedance, is determined primarily 
by the drain load components. These are: 

R d = 560 n (4) 

Ct = Cgd +C D +c s (5) 

Cgd = 2.0 pF, C D the VTVM probe, 2.0 pF, 

and Cs is circuit stray capacitance of 3 pF. 

C T = 2 + 2 + 3 = 7 pF ( 6 ) 


The 3-dB frequency 003 is given by 


C03 


_J 

C t R d 


(7) 


1 

7 x 10 ' 12 x 560 


( 8 ) 


103 = 255 xIO 6 


0 ) 


Figure 4 


f 3 = 39 MHz 


( 10 ) 
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15 V 




Figure 5 

The low frequency voltage gain for this configuration 
is given by: 


A V 

9fs R D 

(id 

1 + 9fs R S 

A V 

= 4.9 

(12) 


where 


Measured Performance 

Figure 6 shows the frequency response of the circuit. 
The low-frequency gain was measured at 4.5 and the 
3-dB bandwidth at 44 MHz giving a gain bandwidth 
product of 197 MHz. This compares with a calculated 
gain bandwidth of 191 MHz. 

Effect of Increasing Generator Impedance 

If the generator resistance Rq is increased to 1 k XI, 
the input time constant of the JFET is increased. The 
bandwidth of the amplifier is now determined primar- 
ily by the input time constant which consists of gen- 
erator impedance (Rq = 1 k ft) shunted byC| n (see 
Figure 7). 



g fs =15 mil when 
Id =12 mA, the quiescent current 

Rd = 560 n 

R D = 47 a 


Figure 7 


(13) 

(14) 


where 


Cm = (1 


+ 


g fsRp 
1 + 9fs R s 


)Cgd + (1- 


g fs R S 

1 + g fs Rs )CgS + Strays 


= (5.9 X 3.5) + (0.6 x 10) + 3. (15) 



o 1 10 100 1000 

FREQUENCY (MHz) 

Figure 6 


Cm = 30 pF 

(16) 

where 


Ggd = 3.5 pF 

(17) 

Cgs = 10 pF 

(18) 


The corresponding 3-dB frequency is given by: 

“ 3 = C in Ra 


= q = (ZU) 

30 X 10. 12 X 10 3 30 

f 3 = 5.3 MHz (21) 

which agrees closely with the measured bandwidth 
shown in Figure 6. 
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Shunt-Peaked Common-Source Circuit 


The frequency response of the resistance-loaded 
common-source circuit may be significantly extended 
by shunt peaking at the gate and/or drain. First, con- 
sider the gate circuit. Here an inductor may be 
connected in shunt with the gate and set to such a 
value that it forms a tuned circuit with the JFET input 
capacitance. The frequency of resonance is deter- 
mined by 


1 

2 W LCjn 


( 22 ) 


where 


Cjn “ ^iss + C stray + C Miller 


(23) 


L = Rp and for the cicuit in Figure 8. (24) 

2 

= 0.78 jxH (25) 

where 

R d = 560 n (26) 

C =Cgd + c stray + CVTVM PROBE ( 27 ) 

C = 1.2 + 1.3 + 2.5 = 5 PF (28) 


Due to the low circuit Q (about 5), the value of L is 
not critical. 


The response of an input signal of frequency f 0 will 
then be boosted to an extent depending on the 
loaded Q of the tuned circuit; the loaded Q, in turn is 
dependent on the unloaded Q of inductor L, Rq, and 
the JFET input resistance. 

Next, consider shunt peaking in the drain circuit. In 
Figure 8 the inductor L is set to such a value that a 
low Q tuned circuit is formed; the resonating capaci- 
tance C is the parallel combination ofC gc j plus stray 
and load capacitances. For a flat response, the LC 
circuit is tuned to the 3-dB frequency of the resis- 
tance loaded circuit of Figure 5. (See Appendix.) 


The 3-dB bandwidth shown in Figure 9 now extends to 
67 MHz, giving a gain bandwidth product of 

67 X 4.2 = 281 MHz (29) 

When Rs is bypassed by a 0.1 jiF capacitor, the low- 
frequency voltage gain is given simply by 

Av = 9 fs^D (30) 

= 15 x 10“ 3 x 560 (31) 

= 8.4 (18.5 dB) (32) 


15 V 



The gain bandwidth product tends to remain constant 
whether Rs is bypassed or not, and this effect is 
shown in Figure 9. 



o 1 10 100 1000 

FREQUENCY (MHz) 


The required value of L is 


Figure 9 
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Source-Follower Circuit 

A J300 is used in the JFET source-follower circuit Fig- 
ure 10, because of its low input capacitance and high 
9fs, which remains high at the frequency range of 
interest. A source follower exhibits a high input im- 
pedance and low output impedance. The real part of 
the output impedance is the reciprocal of 9fs which is 
independent of frequency up to about 600 MHz. The 
input capacitance isC g d +C gs (1 - Ay) which, in this 
case, is approximately 1.5 pF maximum. The input 
capacitance is also independent of frequency and in- 
dependent of load when the load is larger than the 
output resistance Rq- 


12 v 



Figure 10 


The frequency response is dependent mainly on the 
generator internal impedance. For example, when 
R g is increased to IkH the bandwidth falls to 80 
MHz. In this particular circuit, the low-frequency volt- 
age gain is 0.94. 

The input resistance is proportional to 1 /f 2 (as ex- 
plained in the section, "Behavior of JFET Input Resis- 
tance) and at some high frequency will go negative, 
particularly if the source resistor is large. For exam- 
ple, with the circuit shown in Figure 10, the input re- 
sistance is high at 10 MHz but in the negative resis- 
tance region at 100 MHz. However, when Rs is 
1000 fi, the input resistance is real at this frequency. 

The voltage gain of a source follower is given by 


9fsRs 
1 + 9f S Rs 


(33) 


B 
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Thus, A v is almost independent of Rs when Rs is 
large. Using typical values for the J300 (or 1/2 
2N5912) in Figure 10, the drain current is 3 mA, 9f S 
is 5 mS and Rs is 4700 H. 

A v = 0.96 

which is near the measured value of 0.94. Measured 
performance is shown in Figure 1 1 . The output resis- 
tance of this source follower is given by 

R 0 = ~~ = 3 = 200 a (34) 

g fs 5x10 3 


and in this circuit, R 0 was measured at 165 Cl. The 
source follower is a useful versatile circuit which may 
be used as an impedance converter, level shifter, 
buffer stage, or as an input circuit to an op amp or 
feedback amplifier. 



o 1 10 100 1000 


FREQUENCY (MHz) 


Figure 11 


Cascode Circuit 

The cascode circuit has applications as a buffer am- 
plifier for use with high-stability oscillators or in low- 
level power amplifiers 2 mainly due to its low reverse 
transfer characteristics. The advantages and consid- 
erations of this configuration (Figure 12) are similar 
to those listed for the common-source circuit. An ex- 
tra advantage exists in the cascode circuit, namely 
the low input capacitance: 

Cin = Cgs + (1 “ Av)Cdg 

Cin = Ciss + C g d 
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where Av is the voltage gain from Qi gate to Qi 
drain, which is essentially unity. Ci SS for the 2N5912 
dual JFET is 5 pF, and C g d is 1 pF; therefore, 

C| n = 5 + 1 = 6 pF, excluding strays of 4 pF 


LPD-6 

Figure 13 shows cascode frequency response. The 
voltage gain at low frequency is 15 dB (x 5.6), and 
the bandwidth is 24.5 MHz with a generator imped- 
ance of 50 fl. The gain bandwidth product is 
137 MHz. 


Thus, Miller effect is minimized, and a good gain 
bandwidth product is achieved. 


15 v 



Figure 12 



FREQUENCY (MHz) 


JFET and Bipolar Cascade 

The JFET and bipolar transistor combination shown in 
Figure 14 makes a good video amplifier because the 
JFET input provides the voltage gain, thus obtaining 
a superior gain bandwidth product. The feedback 
capacitor ac couples the emitter to the drain. The 
acvoltage at the gate is nearly equal to that at the 
source. This source voltage is dc coupled to the 
base. This produces an A/C voltage at the emitter, 
whose amplitude is almost equal to that at the base. 
Thus, at the JFET, V g ~ V s ~ Vd , and all three sig- 
nals are in phase. In this way, Miller effect capaci- 
tance is largely eliminated. 

The frequency response of this circuit is controlled 
by the output time constant if ft of the transistor is 
much greater than the amplifier bandwidth. In the cir- 
cuit shown the A/C load is 2.5 pF. 


12 V 



Figure 13 


Figure 14 
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CONCLUSION 

The input resistance of a JFET is inversely propor- 
tional to the frequency squared, while the input 
capacitance remains constant to at least 1000 MHz. 

Several video amplifier configurations are consid- 
ered. The common-source circuit is considered first. 
In the example, the low frequency gain is 4.5 
and the 30-dB bandwidth is 44 MHz (gain bandwidth 
= 197 MHz). By shunt peaking in the drain circuit, 
gain bandwidth is increased to 260 MHz. The simple 
source-follower circuit gives a gain near unity with 
gain bandwidth almost 300 MHz and an output resis- 
tance of 1/9 f S . The cascode circuit features a low 
input capacitance and gain bandwidth of 137 MHz. 
The circuit featuring the best gain bandwidth is the 
JFET and bipolar combination, where gain of 11 dB 
and bandwidth of 90 MHz is achieved. 



FREQUENCY (MHz) 

Figure 15 


APPENDIX 

Selection of Video Amplifier Designs with Performance Summary 

Note: All output voltages measured with Boonton 91 C VTVM. 


Table 1 


DEVICE 

*9 

Rs 

Rs 

Rd 

GAIN 

dB 

C in 

BW 

GBW 


(XI) Bypassed (XI) 

(XI) 



( pF) (MHz) (MHz) 

2N4393 

50 


47 

560 

4.5 

13.0 


44 

197 


50 

X 

47 

560 

7.5 

17.5 


40 

300 


1 k 


47 

560 

4.5 

13.0 


5.0 

22 


1 k 

X 

47 

560 

7.5 

17.5 


3.5 

26 

J300 

50 


91 

1 K 

3.8 

11.6 

11.0 

27.5 

103 

1/2 

50 

X 

91 

1 K 

6.3 

16.0 

14.5 

30.0 

189 

2N5912 

1 k 


91 

1 K 

3.8 

11.6 

11.0 

9.5 

36 


1 k 

X 

91 

1 K 

6.3 

16.0 

14.5 

6.5 

41 

2N4416 

50 


120 

1.5 K 

3.9 

11.8 

11.5 

25 

98 


50 

X 

120 

1.5 K 

6.2 

15.8 

13 

19 

118 


1 k 


120 

1.5 K 

3.9 

11.8 

11.5 

8 

31 


1 k 

X 

120 

1.5 K 

6.2 

15.8 

13 

7 

44 


COMMON SOURCE STAGE 
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COMMON-SOURCE CIRCUIT 
15 V 



R g 

(Si) 

L 

(.UH) 

Gain 

dB 

C in BW 
(pF) (MHz) 

GBW 

(MHz) 

50 

0 

3.5 

11 

2 

20 

70 

1 k 

0 

3.5 

11 

2 

11 

38.5 

50 

8 

3.5 

11 

2 

37 

130 

1 k 

15 

3.5 

11 

2 

17 

60 


(11) Bypassed Galn 

dB 

C in BW GBW 
(pF) (MHz) (MHz) 



2.7 

8.5 

9 

27 

73 


X 

5.6 

15 

11.5 

27 

151 



2.7 

8.5 

9 

9.5 

73 


X 

5.6 

15 

11.5 

9.0 

51 


SHUNT-PEAKED COMMON-SOURCE STAGE 


2N4393 


15 V 



Rg Rs rain 

(SI) Bypassed oam 

dB 

BW 

(MHz) 

GBW 

(MHz) 

50 


4.2 

12.5 

66 

277 









mask 






to 





J300 

( 1/ 22N591 1/12) 
15 V 



R g 

(A) 

Rs 

Bypassed 

Gain 

dB 

BW 

(MHz) 

GBW 

(MHz) 





El 






mSm 
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15 V 



Dual 

FET 

Rg 
( XL) 

Offset (Max) 
(Input to Output) 

(mV) 

Gain 

BW GBW 
(MHz) ( MHz$ 

U257 

50 

100 

0.98 

70 

69 

2N5912 

1 k 

100 

0.98 

15 

14.7 



10 

0.98 

85 

8.3 



10 

0.98 

13 

12.7 


Rg 

Gain 

C in 

Total 

Ro 

BW 

GBW 

(XI) 

( Stray pF) 

(pF) 

(XI) 

(MHz) (MHz) 

50 

0.92 

2.2 

2.7 

165 

350 

326 

1 k 

0.92 

2.2 

2.7 

165 

55 

50 


Derivation of Input Admittance Terms 


Derivation of Shunt Peaking Formula 


where 

Rl = Rgs Ci = Cg S (1) 
R 2 — Rgd C 2 — C gcj (2) 

S = jo) 



= sC 1 sC 2 

in R,Ci s + 1 + R 2 C 2 s + 1 

- to 2 Ci C 2 (Ri + R 2 ) + s (Ci +C 2 ) 

(1 - co 2 R iR 2 C -j C 2 ) + s (C i R i +C 2 R 2 ) 


The equivalent circuit of the drain load is shown in the 
Figure below. The total impedance seen by the drain 
is given by: 


= [ 


Rl 2 + O) 2 L 2 


, 1/2 


2 2 2 2 2 
(1 - co LC) + co C R l 


( 5 ) 


TO DRAIN 
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The response below shows the “normal” 3-dB fre- 
quency without peaking -fi . It is now required to raise 
the response at fi by 3-dB to achieve a maximally flat 
response. Therefore, under these conditions the to- 
tal impedance seen by the drain at fi must equal the 
impedance seen by the drain at fo. Also, at fi , Xc = 
Rl- Substituting for Xc in Equation 5: 


Rl 2 - 2 w LRl + a) 2 L 2 + R l 2 = R l 2 + w 2 L 2 
R [_ 2 = 2 w LR|_ 


Rl = 2 coL 


Rl 2 + co" L* 


fi = , therefore, L = 

2 71 r l c 
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DESIGNING JUNCTION FET 
INPUT OP AMPS 


INTRODUCTION 

Junction FET input operational amplifiers generally 
consist of a discrete FET differential preamplifier fol- 
lowed by a monolithic bipolar operational amplifier. 
FET input op amps have a number of advantages 
over op amps with bipolar transistor input stages. 
Most of these advantages are attributable to the low 
input and offset current characteristics of JFET pairs, 
which are typically three to five orders of magnitude 
lower than those of bipolar op amps. This is pre- 
sented graphically in Figure 1 . 



-50 -25 0 25 50 75 100 125 


T(°C) 

Figure 1. Comparison of Input Bias Currents in 
Dual FET and Bipolar Op Amps 


In integrator circuits, the low offset current of junction 
FET input op amps permit the integrator charge to be 
held more than 1000 times longer at 25°C than is 
possible with a typical bipolar input op amp. FET in- 
put op amps also pay off in high impedance amplifier 
circuits where their low offset current results in low 
(I offset) x (Rgenerator) error voltage. 

Behavior of JFET Preamplifiers 

FET input op amps usually include a preamplifier 
constructed of a matched FET pair and a monolithic 
bipolar op amp. Two configurations of the preampli- 
fier circuit are shown in Figures 2 and 3. These 


circuits are a common-drain or differential source 
follower (Figure 2) and a common-source or long 
tailed pair differential amplifier (Figure 3). 



Figure 2. Common-Drain or Differential Source 
Follower 



Figure 3. Common-Source Differential Amplifier 
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The differential common drain (or “source follower”) 
circuit has a differential voltage gain 

Adiff = 0) 

1 + Rs (9 fs + 9 os) 

A^ff never exceeds unity for the common drain cir- 
cuit, and only approaches unity for high values of Rs 
and light loading. 

The differential output impedance is twice that of the 
single-ended output impedance, or 


Zout(diff) = 


Rs + 9osRs 2 
1 + Rs (9 fs + 9 os) _ 


( 2 ) 


Neglecting the output conductance, 9 os, and assum- 
ing Rs is very large, one can arrive at the useful ap- 
proximation that 


Zout(diff) 


2 

9fs 


(3) 


The common-source (or “long-tailed pair”) differen- 
tial amplifier has a differential voltage gain of, 


Adiff = 


- 9 f s R D 

1 + 9os(Rd+Rs) + 9fsRs 


(4) 


A useful approximation for the case where Rs = 0 can 
be arrived at if, again, 9 os is neglected. In that in- 
stance, 


Adiff & -gfsRp 


(5) 


Note that there is a phase inversion between the gate 
and the drain, and that the value of the common- 
mode resistor, Rqm. does not affect the gain. 

The differential output impedance is 


Zout(diff) = 


2 Rp 

9 os (Rq+ Rs ) 

+ 1 

1 + 9fsRs 


( 6 ) 


If R d « 


9 os 


and if Rs = 0, then 


Zout(diff) « 2 R d 


(7) 



In the common-source differential amplifier, the addi- 
tion of Rs lowers the gain and raises the output 
impedance. Lower gain and higher output imped- 
ance will tend to degrade the offset, drift and noise 
of the FET input amplifier. For this reason it not 
generally advisable to use source resistors in 
common-source FET preamplifiers. The use of a 
source resistor does tend to stabilize the gain of a 
FET pre-amplifier over the temperature range of the 
device, but stable open loop gain is not generally of 
great importance in an op amp. 

At low frequencies, input impedance is not a very 
useful concept for a FET amplifier. It is far more real- 
istic to consider that there is a very small current 
source, typically ranging from 0.01 to 1000 pA in the 
gate lead. The value of this current source is 
dependent on a number of factors. This aspect of op 
amp applications will be covered in a subsequent 
section of this Application Note. In general neither 
the common-drain circuit or the common-source 
circuit enjoys any particular advantage over the other 
in terms of input current. 

As general rule, a common-source FET preamplifier 
will produce better results in a FET input op amp than 
will a common-drain preamplifier. There are three 
reasons for this superior performance. A common 
source preamplifier tends to mask the drift and offset 
of the second stage because of its voltage gain. By 
the same mechanism, the noise of the second stage 
is diminished. The third advantage of the common- 
source preamplifier is that is removes common- 
mode variations from the input of the second stage. 
These points will all be considered in more detail in 
later sections of this Application Note. 

Offset and Drift 

The offset of a FET pair is the difference in gate-to- 
source voltage between the two devices when meas- 
ured at the operating current. Drift is the change of 
offset with temperature. As is the case with any dc 
amplifier, the offset and drift of the input devices are 
indistinguishable from the input signal. Thus offset 
and drift are erroneous signals, and must be mini- 
mized until their magnitude is small in comparison to 
the input signal. 

In a FET input op amp the input FET pair and the sec- 
ond stage both contribute to offset and drift. Figure 
4 shows an equivalent circuit for a common-drain 
FET input op amp, including the sources of offset. 
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Figure 4. Offset Equivalent Circuit for FET Input Op Amp with Common-Drain Preamplifier 


If 

Rt 


= Zout of the FET preamp in parallel with 
Zin of the second stage, 


Etin 


E 0S l Ai A 2 + IosRt a 2 + Eos2 a 2 
Ai a 2 _ 


or 


E os i = Voltage offset of the FET pair, 

E 0 s 2 = Voltage offset of the second stage, 


E Tin 


_ Eosi + 


IosRt , Eqs2 

Ai + Ai 


(9) 


( 10 ) 


1 os = Current offset of the second stage. 

Ai = Voltage gain of the FET preamplfier, 

A 2 = Open-loop voltage gain of the second 
stage, 

Eiout = Total offset error at output of second 
stage, 

E-n n = Total offset from all sources referred to 
the input, and 


Allowing the simplifications Zin » Zout> 9 os = 0, 
Ai , = 1 , and Z out = 2/9 fs, one can obtain an equa- 
tion for the total offset referred to the input of a FET 
op amp, using a common-drain preamplifier: 

ETin ^ Eosi + + Eos2 (11) 

9fs 

If both sides of Equation (11) are divided by AT, and 
equation is derived for total drift referred to the input: 


9fs 


Forward transconductance of the FET at 
the operating current, 


fl!2. ~,f E ° s1> ) + JL f + f Eos2 1 

AT V. AT J 9 fs VAT^ V. AT J 


( 12 ) 


then 

E Tout = Eqsi Ai A 2 + IosRt a 2 + E 0 S 2 A 2 
and 


( 8 ) 


Thus the total drift referred to the input of a FET input 
op amp with a common drain preamp is approxi- 
mately the sum of the voltage drift of the FET pair 
plus the voltage drift of the second stage. 
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Figure 5. Offset Equivalent Circuit for FET Input Op Amp with Common-Source Preamplifier 


Figure 5 shows the offset equivalent circuit for a FET 
input op amp with a common-source FET 
preamplfier. 

As is the case of the common-drain preamplifier, 
Equation (10) applies, if it is assumed that Zin » 
Z out* Z out = 2Rd» 9 os = 0, and A-| = 9fsRo, where 
Rd is the drain resistance and Rs is the source resis- 
tance, then one can derive an equation for the total 
offset referred to the input for an op amp with a com- 
mon source FET preamp. 


E Tin « E os i + 


2 Iqs 
9fs 


Eqs2 

QfsRo 


(13) 


If both sides of equation (13) are divided by AT, then 



Thus a FET input op amp with a common-source pre- 
amplifier has a total drift referred to the input of the 
drift of the FET pair, plus the current-related voltage 
drift and the voltage drift of the second stage divided 
by the gain of the preamplifier. Note that for lowest 
offset and drift, the gain of the preamplifier should 
be as large as possible. For high gain, the drain re- 
sistors should be as large as possible, consistent 


with other design criteria (See FET biasing, a later 
section of this Application Note) . When equations 
(12)-(14) and (1 1 )-(1 3) are compared, it is apparent 
that the common-source FET preamplifier always will 
produce lower overall offset and drift. 

Offset Nulling 

Methods of nulling offset in the FET input op amp will 
depend on the configuration of the FET preamplifier 
in the circuit. Two common methods of nulling offset 
in common-drain FET preamplifiers are shown in Fig- 
ure 6A and 6B. 



V DD 


Figure 6A. Nulling a Common-Drain Preamp with 
Source Resistor Biasing 
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By changing the drain current in the FET, one can 
change the gate-to-source voltage and thus change 
the offset. In a junction FET 


Vgs = VQS(off) 




(15) 


In a source-follower configuration where Vqg-Vdd» 

Vgs (off) » 


used in Equation (20). Also, there will inevitably be 
small differences in the values of the the two source 
resistors due to their tolerance; the value of Rn must 
be increased to correct for these differences. 

In the circuit in Figure 6 B, the offset is nulled by vary- 
ing the difference between e-j and 62 - The value of 
the fixed resistor, R, is 


z Tin 


•bias 


( 21 ) 


Id 


Vgg- Vdp 
Rs 


(16) 


If Equation (16) is substituted into Equation (15): 


V GS ^VGS(off) - v GS(off ) 2 (Vgg-Vdd) Rs 1 
L I DSS J 


1/2 


(17) 


If Vqs is differentiated with respect to Rs. one can 
derive a value of AVqs/ARs for small changes in Rs : 


dV GS ^ 

AVgs 

dR s ~ 

AR S 


Vgs (off ) 2 (Vgg-Vdd) 
4Idss r s 3 


, 1/2 


(18) 


Thus in a single-source follower, to correct for an off- 
set E-j-j n . the value of ARs should be 


AR « 


ETin 

AVqs 

ARs 


(19) 


In the circuit in Figure 6 A, where the resistor is a po- 
tentiometer in both legs of the differential source fol- 
lower, the effect of any resistance change is double 
that of Equation (19). Hence the value of the null 
potentiometer Rn to correct for an expected maxi- 
mum offset of E-fin is 


E-fin 



ETin 


VGS(off ) 2 (Vgg-Vdd) 1/2 
Idss r s 3 


( 20 ) 


For any type of junction FET, there will be a range of 
VGS(off) and loss values. For a conservative value of 
Rn, minimum values ofVQS(off) and loss should be 


The value of the potentiometer then is 2R. The value 
of E-fjn in Equation (21) is the value found in Equa- 
tion ( 11 ), 



Figure 6B. 


Nulling a Common-Drain Preamp with 
Constant Current Biasing 


plus any offset caused by unbalance in the current 
sources. The voltage offset caused by current un- 
balance in the current sources can be calculated 
from Equation (15). 

In a common-source FET preamplifier, offset can be 
nulled by either of two techniques. One method is to 
insert a potentiometer in the source circuit, as is 
shown in Figure 7A. 

In the circuit in Figure 7A, the offset is nulled by the 
difference in I cm Ri/2 - 1 cm r 2 / 2 . The value of the 
potentiometer should be 


i N « 


2 E-fjp 


( 22 ) 
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where Bj\ n is the worst-case value calculated in 
Equation (13). Before the source nulling method is 
used, the value of Rn calculated in Equation (22) 
should be checked against Equations (4) and (6) to 
confirm that it has no significant effect on gain and 
output impedance. 



The second method of accomplishing offset null is a 
common-source FET differential amplifier is know as 
drain nulling, and an equivalent circuit is shown in 
Figure 7B. The basic principle of drain nulling is the 
same as that employed in source nulling except that 
the offset which is to be nulled is multiplied by the 
gain of the stage. Hence, for drain nulling: 


r n 


2 tjin y fs K d 

s=sJ 

I CM 


(23) 


Offset nulling is a relatively simple technique which 
consists of adjusting an offset potentiometer for zero 
output with zero input. The technique to compensate 
for drift, however, is more complex and time con- 
suming. The method is based upon the fact that the 
temperature coefficient ofVQs is dependent on drain 
current. Thus by varying the ratio of the drain cur- 
rent in the two FETs, the drift can be compensated. 
The technique is of limited practical value, however, 
because of the lengthy oven testing required. For 
this reason, drift compensation will not be discussed 
in depth in this Application Note. 


Figure 7A. Source Nulling in Common-Source K . . 

FET Differential Amplifier NOISe 


v cc 

I 



Figure 7B. Drain Nulling in Common-Source 
FET Differential Amplifier 


During design of a FET input operational amplifier, it 
is useful to be able to predict the total noise of the 
amplifier referred to the input. The total noise output 
is then equal to the total noise referred to the input, 
multiplied by the voltage gain of the amplifier. In a 
FET amplifier, the total noise can be broken down to 
three specific sources, for ease of mathematical 
analysis. 

The first noise source is the thermal noise of the gen- 
erator, which is caused by random electron move- 
ment in the generator resistance. Thermal noise is 
often referred to as “white” noise, since its spectral 
density is constant for all frequencies. The power 
spectral density of thermal noise is 

S t = 4kTR G (24) 

where s t * s the power spectral density of the thermal 
noise in the generator resistance in V 2 /Hz, T is the 
temperature in degrees Kelvin, Rq is the generator 
resistance, in ohms, and k is Boltzmann’s constant 
to 1.38 x 10" 23 Joules/°Kelvin. 


9-58 




LPD-7 



The total noise over a bandwidth fb - f a is 


I et| =V ls t l (fb -fa ) 


(25) 


where le>tl is the magnitude of the thermal noise 
stemming from the generator resistance is rms volts, 
and fb - fa is the bandwidth in Hz. 

The second significant source of noise is the equiva- 
lent short circuit input noise voltage of the FET. This 
noise voltage, referred to as e n , is caused by a 
number of phenomena within the channel of the FET, 
and is not constant with frequency; it is made up of 
two noise components. One of these is white noise, 
with a spectral density that is constant with fre- 
quency. The second is “1 over f” noise, so termed 
because its power spectral density varies inversely 
with frequency. 1/f noise usually becomes dominant 
below a frequency between 100 and 1000 Hz. The 
power spectral density of e n is the sum of the power 
spectral densities of the white noise and the 1/f noise 
components, thus 

S e = Sw + Sf (26) 


where S e is the total power spectral density of e n in 
V 2 /Hz, Sw is the power spectral density of the white 
noise generated in the FET channel in V 2 /Hz, and Sf 
is the power spectral density of the 1/f noise in the 
FET channel in V 2 /Hz. 


To find the total rms noise voltage over a given 
bandwidth, S e (f) must be integrated over the fre- 
quency range of interest, and its square root 
obtained. To accomplish this, it is necessary to 
define an analytical expression for S e (f) . This can be 
done if two values of S e (f) are known. Usually S e (f) 
is not given on FET data sheets, however e n is 
usually given and e n is the square root of S e (f)- 
One value of S e (f) must lie in the 1/f region, and is 
referred to as |S e i| at f i , and the other (which must 
lie out of the 1/f region), and is referred to as |S e 2l • 
A typical graph carrying these values is shown in 
Figure 8. Note that Figure 8 is a graph of power 
spectral density, not e n . 


(V 2 /v/hI) 



FREQUENCY (Hz) 


Figure 8. Equivalent Short Circuit Input Noise 

Power Spectral Density vs. Frequency 


Then 


S e (f) 


(ls e1 l - ls e2 l)fi 



f 


+ ls e2 l 


(27) 


and 


lenT I ~ /fb [ — ~j* ^- 2 -■■ ■ + 1 s e2 1 ] d f (28) 


where |e n x| is the total rms noise voltage attributable 
to the short circuit input noise of the FET. 

Then, 


I 6nTl 


>-^(IS e1 l-ls e2 l)fl In ^j+ls e2 l(fb-fa) (29) 


It should be noted that if fa is chosen to be zero Hz in 
Equation (29), the total noise, | e n T I » will be infinite. 
In reality, as the period of the noise becomes greater 
than several seconds, it begins to resemble drift 
rather than noise. With this rationale in mind, it is 
wise to choose a non-zero frequency for f a , such as 
0.1 Hz. Such a frequency selection will provide rea- 
sonably accurate data, and will allow comparison 
between various device types and amplifier circuits. 
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The third source of noise is current noise, usually 
referred to as T n . Noise current has a flat spectral 
density up to the region of 10 to 100 kHz. Beyond 
this point, the spectralf density increases because of 
noise which feeds through the drain-gate capaci- 
tance to the gate. Feed through noise above 
100 kHz is known as “shot noise”, and will not be 
dealt with in this Application Note. 

The power spectral density of noise current is ex- 
pressed in the white noise region as 

ISil = 2ql G (3°) 

where ISjl is the power spectral density of the cur- 
rent noise in A 2 /Hz, q is the charge of an electron, 
1.6 x 10“ 19 coulombs, and Ig is the gate current in 
amperes. Thus the total input current-caused noise 
referred to the input of the amplifier is 


I err I = R G V I Sjl (fb -f a ) ( 31 ) 


When using Equation (30) it is important to choose a 
value forlQ which corresponds to the actual operat- 
ing conditions of the FET. Iq will vary over several 
decades, depending on temperature, Vdg and Id- 

The total input FET noise of a single-ended amplifier 
is the vector sum of the three components 

|bt| = Vet 2 + enT 2 + err 2 < 32 > 


where | eTt | is the magnitude of the total op amp 
noise from all sources referred to the input in rms 
volts, I • n2 1 is the magnitude of the input noise cur- 
rent of the second stage in rms amperes, and le n 2l 
is the magnitude of the input voltage noise of the 
second stage in rms volts. 

Since the spectra! densities of * r.2 and 0n2 are func- 
tions of frequency, the I i n2 i and I e n 2 1 must be de- 
termined in a manner similar to that of Equation (29) . 
That is 


|en2|«y(ls e iNSe2l)fl In |“J +ls e2 l < f b-W (35) 

where ls e il- ls e 2 l» h • fa ancl fb are as previously 
defined, except that they now refer to the noise volt- 
age of the second stage. Also, 


I iJ^A/dSii I — I S |2 I) fl In (~ ) + 1 S e 2 1 db-fa) (36) 
v VJby 


where ISj-j I is a point on the curve of input current 
power spectral density vs frequency in the 1/f region, 
and Is |2 I is a point totally out of the 1/f region. 

In the case of a FET input op amp with a common- 
source FET preamplifier, the total op amp noise re- 
ferred to the input is 


Since the differential amplifier contains two devices, 
the noise from both FETs must be accounted for: 

| "eTdiff | = ^J~2 | "erl ( 33 ) 


The foregoing analysis covers only the noise in the 
FET pre-amplifier. It does not include the noise con- 
tribution of the second stage. As in the case of off- 
set and drift, the noise contribution of the second 
stage can be referred back to the input of the op 
amp. For a common-drain preamplifier, the total 
noise referred to the input of the op amp is 


_ 1 2 ^linalY f2|in2lY (37) 

e Tdiff | + — |+|— — " 

9fs J \^9fsRQ J 

As was the case for offset and drift, the common 
source FET preamplifier will always product lower 
equivalent input noise for the total op amp than will 
the FET common-drain preamplifier. 

In any discussion of noise the term "noise figure” is 
bound to arise. Noise figure is the ratio of added 
noise power to the thermal noise power of the gen- 
erator resistance. In a FET preamplifier 



eTt « 


^ |eTdi,f|2+ (4if) +l 


®n2 


(34) 


NF = 10 log 10 


1 + 


en 2 + in 2 R G 2 
(f a -f b ) 4kTR G 


(38) 
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For any device there is one value of generator im- 
pedance for which the noise figure is optimum 

I e n I 

Ropt = ~TZ j" (39) 

I i nl 

Noise figure is a useful concept in RF circuits where, 
by various matching techniques, the generator resis- 
tance can be adjusted for R op t so that the required 
noise figure is achieved. Most FET input op amps, 
however, are used in dc-coupled applications, and 
there is seldom any choice for the designer concern- 
ing generator resistance. For this reason, noise 
figure is not a very useful concept in FET input op 
amps. A much more useful figure of merit is simply 

■y |"en 2 | + |Tn 2 | Rg 2 , which is added noise voltage 
referred to the input of the device. 


Input and Offset Current 

The gate of a JFET forms a reverse-biased junction 
with the channel. For this reason, the input current of 
a junction FET is the leakage current through the re- 
verse-biased gate-to-source and gate to drain junc- 
tions. In normal operation the drain-to-gate voltage 
is much higher than the source-to-gate voltage; thus 
it is the drain-to-gate junction which is responsible for 
most of the leakage current. 

N-Channel junction FETs experience an Iq "break- 
point” where the gate current rises rapidly with 
increasing drain-to-gate voltage. This is shown in the 
plot of gate current vs drain-to-gate voltage in 
Figure (9). 



Figure 9. Gate Current vs. Drain-to-Gate Voltage 


The Ig breakpoint results from carriers in the channel 
being accelerated by the applied field to such a de- 
gree that they are capable of generating hole-elec- 
tron pairs upon collision with a silicon atom. This 
phenomenon is similar to normal junction breakdown, 
but occurs at a lower voltage than BVqss- This is 
because, under operating conditions, there are more 
carriers available in the channel for collisions. 
Operation at higher drain current will result in lower I g 
breakpoints for the same reasons. 

At low drain-to-gate voltages the leakage current 
doubles for approximately every 10°C increase in 
temperature. However, Iq breakpoints occur at a 
higher voltage for increasing temperature. This is 
consistent with normal breakdown voltage behavior 
for diodes above 6 V, where the avalanche effect 
dominates. 

Figure 10 shows that for some voltages, Ig at 125°C 
is actually lower than Iq at room temperature! 



1 10 100 


v GD (V) 


Figure 10. Gate Current vs Drain-to-Gate Voltage 
at 25°C and 125°C. 


9 


In a dual FET, the difference between thela of each 
device is known as Iq offset. A good rule of thumb 
for design analysis is 


Ig offset ^ 0.1 Iq 


(40) 
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Common Mode Errors 

Common mode errors are output errors caused by 
common-mode input signals. A common-mode input 
signal is any signal which equally affect both sides of 
a differential amplifier. Common-mode inputs often 
take the form of either 60 Hz signal pickup or dc bias 
signals. It is interesting to note that ambient tem- 
perature is also a common-mode signal since it af- 
fects both devices equally. 

Common-mode input signals cause two types of out- 
put errors in differential amplifiers. One type of error 
is a differential output signal caused by the common- 
mode input; the other is a common-mode output sig- 
nal where both outputs change equally and in the 
same direction. Since the op amp which follows the 
FET input stage will typically amplify the differential 


mode error 80 dB more than the common-mode er- 
ror (assuming its CMRR is 80 dB), the differential 
mode error is by far the more important of the two. 

Differential mode error is the result of unequal gain 
between the two sides of the differential amplifier. 
This can be caused by imprecise transconductance 
matching of the dual FETs, unbalanced drain resis- 
tances, unbalanced source resistances, imprecise 
output conductance matching of the FETs, or any 
combination of these factors. Thus, if the drain or 
source resistances are adjusted for drift or offset 
nulling, the differential output error will be increased 
and CMRR degraded. 

Consider the case where the differential amplifier has 
slightly unbalanced gain. An equivalent circuit is 
shown in Figure 1 1 . 



Figure 11. Differential Output Equivalent Circuit 
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A Figure of Merit CMRR can be derived for differential 
out errors: 


CMRR(diff) = 


Adiff 


AcM(diff) 


(41) 


The differential mode gain, assuming both halves of 
the differential amplifier are nearly equal, can be ap- 
proximated as: 


Adiff 


9 fsRp 
1 + QfsRs 


(— l — 1 

^ 1 +9osRd J 


(42) 


for » Rs 

9 os 

ForRs » 1/9 fs andRo « 1/9 os, this simplifies to the 
familiar expression: 


Adiff ^9fsRo 


(43) 


If the circuit is balanced except for the drain resis- 
tors, the differential mode error resulting from a 
common-mode input signal becomes: 


AcM(diff) 


Rp 

2RcM 


CMRR(d b ) = 20 logp^L g fsR Jj 


(44) 


(45) 


Similarly, the error introduced by unbalanced 
transconductance is taken into account: 


CMRR(db) = 20 log 2Agf S Rcm 


(46) 


When unequal output conductances are taken into 
account: 


CMRR( d b) = 20 log .. 2 i^ s -ftc.M.Ro 
ARo 

and with unbalanced source resistors, 
2Rcm 


CMRR(db) = 20 log 
assuming 1 /g f S » Rs- 


ARs 


(47) 


(48) 
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A more general equation, resulting from the combi- 
nation of all the above factors, is: 


r 29 fs Rcm -j 

CMRR(db) = 20 log ARs+1/Agf S j . AR D j . Ar 0 
L Rs+1/gfs Rp " Ro“* 


(49) 


The other type of error, common-mode output volt- 
age, is important when only one of the outputs of the 
differential stage is used, or when the following stage 
has a poor CMRR. Figure 12 shows how common- 
mode output error can be measured. If common- 
mode gain for common-mode output errors is de- 
fined as 


Acm (cm) = 


V D1 _ V P2 
V G1 V G2 


(50) 



Figure 12. Common-Mode Output Equivalent 
Circuit 


then an expression may be found by noting that 
Vd= -9fsV G sR D (51) 

However, 

V GS = V G - V s (52) 

and 


V S = 


-2 Vp Rcm 

Rp 


(53) 
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Thus, 

Vp= -9 fs V q Rd -9fs2 Rqm v D (54) 


A two-stage amplifier is shown in Figure 13. Calcula- 
tions of CMRR in this circuit is made as follows: 


and 


AcM(cm) = 


Vd 

v g 


“ 9 f sR q 
1+ 29fsRcM 


(55) 


CMRR = 


Adiff 

Acm 

[ Adiff 1 ] [ Adiff2 ] 


(58) 


[AcM(cm)l] t A C M2l + [A C M(diff)ll t Adiff2 1 


It is common practice to assign a Figure of Merit to a 
differential amplifier. This Figure of Merit is “com- 
mon mode rejection ratio,” usually abbreviated as 
CMRR. CMRR is defined as 


CMRR 


Adiff 

Acm 


(56) 


Substituting Equation (56) into Equation (58) we 
have, 


CMRRtotal - 


(59) 


[ CMRR(cm) 1 ] [CMRR2 ] +[ CMRR(diff) 1 ] 


When equations (5) and (55) are substituted into 
equation (56), it is apparent that the common-mode 
rejection ratio for common-mode output errors is 


where CMRR(cm)i is the CMRR referred to in Equa- 
tion (57) for the FET preamplifier, CMRR 2 is the 
CMRR specification of the second stage, and 
CMRR(diff) 1 is the CMRR referred to in Equation (49) 
for the FET preamplifier. 


CMRR (cm) ss 


- 9 f sR d 

- 9 fsR d 


= 1+ 2gf S Rcm 


1 + 2gf S Rcm 


(57) 


Most op amps have single-ended outputs. In such 
cases, there can be only one result of a common- 
mode input signal; and error in the output. In a FET 
input op amp the total CMRR will be a function of the 
common-mode and differential output errors of the 
preamplifier as well as the CMRR of the second 
stage. To calculate the combined CMRR of both 
stages of the FET input op amp, refer to Equation 
(56), which is the definition of CMRR. 



In a common drain stage, the common-mode gain 
with respect to common-mode output error 
[Acm ( cm) ] is unity (when Adiff = 1). Hence, the 
entire output common-mode signal is passed along 
to the second stage. All of the equations in this sec- 
tion, except for (50)-(55) and (57) apply equally to 
common drain preamplifiers. 

Frequency Response 

The frequency response of a FET differential amplifi- 
er is determined by two time constants, one for the 
input and one for the output. 

The input time constant is formed by the generator 
impedance and the effective input capacitance, Cj n , 
where 



9fsRg I 

i + gfsR S J CGS+Cstray 

(60) 


and 


Figure 13. Two-Stage Op Amp CMRR Model fi n = 

2 77 C i n R g 


(61) 


9-64 





LPD-7 


The output time constant is formed by the drain re- 
sistance and the output capacitance, C 0 ut. where 

1 


out = 


and 


2"C 0Ut R D 


(62) 


Cout = Cgd + C| oac j + C 


stray 


(63) 


Equations (60) and (61) apply to common drain pre- 
amplifiers as well as to common source preamplifi- 
ers, if Rd = 0. 

For the case of the output time constant for the com- 
mon drain preamplifier. 


f out 


9fs 

2 ^ C out 


(64) 


Cout - C gs +C sc j+ Cioad + C stray (65) 


quency at which the gain is unity or greater. Since 
the feedback around an op amp is in the inverting 
input there is an intrinsic 180° phase shift. This dic- 
tates that the additional phase shift in the amplifier 
plus the phase shifty of the feedback network must 
be less than 180° for all frequencies where gain is 
unity or greater. 

Most commercially-available operational amplifiers 
are compensated so that they have only 90° of 
phase shift where gain is unity or greater. This is 
demonstrated in Figure 15. When a FET preamplifier 
is added ahead of an op amp, the total gain and 
phase response will be the sum of the response of 
the preamplifier and the second stage. Often, this 
results in a phase shift of 180° or greater over much 
of the frequency range. An intolerable situation is 
thus created in that the total FET input op amp will 
oscillate if the gain is set to a value where the phase 
shift is greater than 180° . 


Typically, the Bode plot of a FET preamplifier will re- 
semble that shown in figure 14. 


20 db 

o 

-20 db 
-40 db 
-60 db 

0 ° 

-45° 

-90° 

-135° 

-180° 

-270° 

Figure 14. Phase and Gain Bode Plots for Typical 
FET Preamplifier 




Stability and Phase Compensation 

The stability criterion for any closed loop system, in- 
cluding an operation amplifier, is that the phase shift 
around the loop must never reach 360° for any fre- 
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Figure 15. Compensated Phase Shift in Op Amps 
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As a rule of thumb, an op amp will not oscillate if the 
closed loop gain is such that the slope of the roll-off 
is no greater than 20 dB/decade. This point corre- 
sponds to a worst-case phase shift of 135° . 

There are a number of techniques for stabilizing the 
amplifier; this Application Note will not attempt to 
treat them. 

Selecting the Proper FET Pair 

FeT differential pairs can be broken down into four 
general types, according to their intended applica- 
tion. These types include low leakage, low noise, 
high frequency and general purpose FET duals. 

Low-leakage FETs generally have leakage currents in 
the range of 0.1 to 1.0 pA at 25°C. To achieve this 
low leakage, the active area of the device is made as 
small as possible. This small active area produces 
low 9fs and low capacitance. Although low leakage 
FETs are preferred whenever low circuit leakage is is 
the primary design criterion, the designer should 
consider using a general-purpose FET if slightly 
higher leakage can be tolerated. General purpose 
devices offer better 9 fs, offset, drift and e n than do 
low-leakage devices. One feature of the low-leakage 
FET which is not often specified in data sheets, but 
which is important to actual circuit performance, is 
thelG breakpoint; that is, the drain-to-gate voltage at 
which the gate current rises rapidly. In practical cir- 
cuits, the drain-to-gate voltage can reach 15 or 20 
volts causing excessive leakage for FETs with low Iq 
breakpoints. 

Low-noise FETs are designed primarily for low e n . 
They also have moderate 9 fs, low 9 os, and moderate 
leakage and breakdown voltage. Low-noise devices 
tend to have better drift and CMRR characteristics 
than do other types of dual FETs. A low-noise FET 
can product the lowest noise operation of any FET 
when the generator impedance is below 1 to 10 Mil. 
For higher generator impedances, low-leakage FETs 
may well provide lower overall noise performance be- 
cause of their lower noise current. 

High frequency dual FETs have very high gts and low 
capacitance. To achieve these characteristic 
leakage currents, breakdown voltage and the Iq 
breakpoint must be sacrificed. Because of these 
performance tradeoffs, high-frequency FETs should 
be used only when their high-gain bandwidth is a 
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design requirement. High-frequency FETs are usu- 
ally of hybrid (two chip) construction rather than of a 
monolithic design, because of the significantly lower 
capacitances between the two chips. 

General-purpose dual devices are often the best 
choice for FET input op amp applications, exhibiting 
good 9fs and breakdown voltage and moderately low 
9 os, leakage current, and capacitance. General- 
purpose dual FETs also tend to have low e n and good 
CMRR and drift characteristics. 

Representative geometries of the four types of FETs 
described preceding are shown in Figure 16, and 
provide a good insight into the relationship of device 
active area and performance characteristics. 

When selecting any dual FET, two factors which 
affect the overall performance of the devices should 
be considered. One is the maximum value of 
VQS(off) I a low maximum value of VQS(off) simplifies 
bias design and improves common-mode range, 
CMRR, offset and drift. The other factor is the offset 
of the device. Although any value of offset can be 
nulled out of a circuit, the nulling process itself 
degrades CMRR and the drift performance of the 
circuit. 

Selecting the Op Amp Integrated Circuit 

The monolithic 1C op amp portion of a FET input op 
amp circuit either contributes to or solely determines 
five parameters of the complete circuit. For three of 
the parameters - offset, drift and noise - the contri- 
butions are diminished in the complete op amp 
circuit by the gain of the FET differential amplifier. In 
many circuits, however, these parameters are still 
significant and should not be ignored. Whenever 
possible, an 1C op amp device should be chosen 
which specifies maximum values for Vos. I os. Vdrift . 
e n and in. Many 1C op amp data sheets will provide 
only typical values for these parameters. Typical val- 
ues can be in error by an order of magnitude, and 
almost inevitably vary from lot to lot. 

One parameter which is usually ignored on 1C op amp 
data sheets is so-called “popcorn noise”. Even 
though this parameter is missing from the data sheet 
it is usually present in the op amp 1C and can be quite 
troublesome in low noise designs. If low noise is a 
prime design criterion an op amp specified for low 
“popcorn noise” should be selected. 
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1 12 DUAL FET LOW LEAKAGE 
NT GEOMETRY 


1 12 DUAL FET LOW NOISE 
NNR GEOMETRY 



1/2 DUAL FET HIGH FREQUENCY 
N2B GEOMETRY 


1 12 DUAL FET GENERAL PURPOSE 
NPA GEOMETRY 




Gate also backside contact 


Figure 16. Four FET Geometries All dimensions in inches 

(All dimensions in millimeters) 


Two other circuit parameters, output impedance and 
slew rate, are determined entirely by the 1C op amp 
portion of the circuit. 


The upper limit is the minimum value of loss for the 
type of FET selected, that is 

l D operating < l D ss(min) (66) 


Biasing the FET preamplifier 

After the proper FET has been selected and the op 
amp 1C chosen for the second stage, the next con- 
sideration is the bias design of the FET preamplifier. 
The first objective in biasing a FET preamplifier is the 
determination of the correct FET operating current. 
Usually, this will be the manufacturer-recommended 
operating current of the FET, which can range from 
30 jul A for the low-leakage devices to 200 jxA for gen- 
eral purpose or low-noise devices. If some other 
value of operating current is desired, two limiting fac- 
tors exist and should be kept in mind. 


If a value of operating current greater than minimum 
loss is selected, the FETs will operate with forward- 
biased gate-source junctions, and thus negate the 
low Iq characteristics of the circuit. 

The lower limit for Iq is determined by the fact that 
9 fs is related to Id through the following equation 



9fs ^ 9fso 


{ 


Ip 

Ipss 


(67) 
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where 9fs is the forward transconductance at Vqs = 
0 and Idss. Id is the operating current, Id is the 
operating current, and loss is the drain current with 
Vgs = 0. 

For very small values of drain current, the transcon- 
ductance and thus the gain become very small. 

The next step in bias design is selection of the cur- 
rent source. The simplest means of establishing a 
current source is via a resistor. This method, how- 
ever, has an inherent drawback in that the current will 
change as the common-mode voltage changes on 
the gates; offset, drift and CMRR are unfavorably 
affected. 

A better approach to selection of a current source is 
to use an active device, such as a juction FET current 
limiter diode. These devices have very low 9 os and 
temperature coefficient; recommended types are the 
CR100 series of diodes. 

In the case of the common-drain preamplifier, selec- 
tion the the current sources completes the bias 
design. For the common-source preamplifier, how- 
ever, the value of the drain resistor remains to be 
established. The value of these resistors affects 
offset, drift, noise, open-loop gain, current leakage, 
common-mode range, and bandwidth in the circuit. 
With the exception of the last two, these parameters 
will be improved if the resistors are as large as possi- 
ble; the factor which ultimately limits resistor size is 
the voltage drop across them. Figure (17) shows a 
typical circuit employing this form of biasing. 



Figure 17. Op Amp Circuit Biasing 
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Since the voltage drop across the drain resistors is 
I cm Rd/2, the voltage on the drains of the FETs is 
Vdq where 


v , w IcmRd 

Vdq = V C c - — ~ — (68) 

It is important to insure that the voltage drop across 
the FET drain to the FET source is always greater 
than Vqs (off) * This is necessary for the FET to oper- 
ate in the "pentode” or saturation region, where the 
drain current is relatively independent of the drain-to- 
source voltage. In this condition, the device 9 os will 
be low, and in turn will assure good offset and CMRR. 

The maximum common mode bias voltage which can 
be applied to the gates without operating the FETs in 
the triode region is 


VGG(max) = V G c “ 


Icm r d 

2 


+ VGS(off)max + VQS(on)max ( 69 ) 

Where V GS ( 0 ff) and V GS ( 0 n) are negative voltages 
and 


- s ( J/2- 

VGS(on)max ^ V GS ( 0 ff)max 1 I 

_ \|DSS(max)y _ 


(70) 


However in most cases V G s( 0 n)max is approximately 
Vgs (off) max so 


v GG(max) ^ V G c “ + Vgs (off) max (71) 

The minimum common mode voltage which can be 
applied to the gate is 


VGG(min)= V D d+ V C M(max) + V GS ( m j n ) (72) 


when Vdd and V G s( m in) are negatives voltages and 
VGS(min)= VQS(off)min [i 1 (73) 

L v! DSS ( max )y J 


But in most cases V G s(min) ^ 0 so 
VGG(min)^ V D d + V G M(max) (74) 
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Drain resistors should be of good quality, such as 
metal film, and should be mounted in close physical 
proximity to minimize temperature differentials. 
Temperature-induced resistance differentials of only 
hundredths of a percent can cause offsets of many 
millivolts. 


permissible, then the value of the drain resistors can 
be found by applying Ohm’s Law, as in 


Rd = 


3 V 

200 jjlA 


15 ktt 


(D 


APPENDIX A - DESIGN EXAMPLE 


Gain of the preamplifier will be as established in 


This Appendix deals with a typical FET input op amp 
design example, using a Slliconix U401 N-Channel 
junction FET. The U401 is designed to be operated 
with an Ip of 200 |iA per device, or with an I cm of 
400 jjlA. A general-purpose operational amplifier 
should have a large common-mode range and good 
CMRR. These two requirements dictate that an ac- 
tive current source be used, such as the Siliconix 
CR043 current regulator diode. The CR043 is ideal 
for this purpose, with a nominal current value of 
430 jiA +10% and a low temperature coefficient of 
less than 0.05%/°C typically, or 0.2 p.A/°C. 


15 V 



Adiff ^ - 9f S RD (2) 

From the U401 data sheet, 9fs at 200 jiA operating 
current varies from a minimum of 1000 jjlTJ to a maxi- 
mum of 1600 jTcr. For a worst-case design, the 
minimum value should be used: 

Adiff(mln) « (1 x 10 -3 ) • (1 .5 x 10 4 )= 15.0 (3) 

The maximum positive common-mode excursion can 
be calculated if the voltage drop across the drain re- 
sistors is subtracted and the device VQS( 0 ff) and the 
device Vos(on) are added to the positive power sup- 
ply voltage 


VGG(max) = Vqq - 


IcmRd 

2 


+ VQS(off)max+ VQS(on)max 


(4) 


I CM can be up to 430 jxA + 10% = 473 jxA. Vcs(off) 
max from the data sheet is given as 2.5V, and 
VGS(on) ma y be obtained from Equation (64), pre- 
ceding 


- , ( J/2- 

VGS(on)max ^ VGS(off)max 1 “ ] 

_ \lDSS(ma x)J _ 


(5) 


Maximum values of VQS(off) and loss will provide the 
maximum value ofVQS(on) 


General Purpose Design 
Example Circuit 


VGS(on)max « -2.5 





^ -2.2 V 


( 6 ) 



Selection of drain resistor value involves a trade-off 
between preamplifier gain and common-mode range. 
Common-mode range decreases and gain increases 
proportionally to increased value of the drain resistor. 
If a voltage drop of 3 V across the drain resistors is 


if ±15 V supplied are used. 

V G G(max)= 15 - 3.6 - 2.5 - 2.2 = +6.7 V (7) 
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and 


In Equation (14) preceding, drift was established as 


VGG(mln)= Vqd + VcM(max) + VGS(min) (8) 


where Vdd and Vqs are negative numbers. 

The CR043 data sheet indicates that a minimum knee 
impedance of 0.75 ml) occurs at Vcm = 6V. Thus 


— k; j£!i | 2 ( los^ j [ 1 ( Eosa^ j 

AT AT + 9fs VATj + gfsR D V. AT J 


VGG(mln) = -15 + 6 + V GS ( m in) 


(9) 


-^^10X10 6 + 
AT 


2(6 xlQ~ 10 ) 
9 x 10" 4 


1 xlQ~ 5 * 
+ 15.0 


(15) 


(16) 


but 


f ( i D \ml 

VGS(min) ^V GS ( 0 ff)min 1 - ; 

L \jDSS(min) J J 

or 

r i /2 i 

-(0.5) 1 - (0.4) 


( 10 ) 


VGS(min) ^ -(0.5) |1 - (0.4) 
= -(0.5) • (1 - 0.6) 


or 


Erin 

AT 


f^s 12 M'V/°C worst case 


(17) 


Equation (17) assumes that the drain resistors are 
perfectly balanced. 


= -(0.5) *(0.4) = -0.20 


then 


( 11 ) 


For drain nulling, the value of the null potentiometer 
should be 


V G G(min) = -15 + 6.0 - 0.2 = -8.8 V 


( 12 ) 


R N 


2 ETin(max) 9fs(max)Rp 
I CM (min) 


(18) 


If the U401 FET is used a jxA741 bipolar op amp, the 
offset will be as established in Equation (13), preced- 
ing: 


ETin <=< Eo Sl + 


2 los 
9fs 


Eos2 

+ 

9 fsR d 


(13) 


or 

2(5.8 x 10 ” 3 ) (1 .6 x 10 ~ 3 ) (1 .5 x 10 4 ) . , 

H n = (19) 

3.87 x 10" 4 


or 


From the U401 data sheet, Eq S i = 5 mV, and gfs(min) 
at Id = 200 jllA is 1000 jliTT. From the op amp data 
sheet, I so (max) is given as 200 nA. Therefore 


_3 

E Tin (max) = 5x10 + 


2 (2 x IQ" 7 ) 
1 x 10 " 3 


+ 


5 x 10~ 3 

15.0 


» 5.73 mV 


(14) 


R n = 720 n 

However, to this approximation for R N must be 
added the maximum drain resistor unbalance, which 
is 2% R d for 1% tolerance resistors or 300 Cl. Thus 
R n « 1 kO. 

Equation (29) established total rms noise voltage at- 
tributable to the short circuit input noise voltage of 
the FET as 
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lenTl^-^dSeiNSeaDfl In ^ + ls e2 l db-fa) (20) 


From typical values given in the U401 data sheet, 
S e i = 36 x 10' 18 V 2 /Hz;Se2= 6.25 x 10~ 18 ; 
f 1 = 10 Hz; f 2 = 10 kHz; and if f a = 1 Hz and 
fb = 1 kHz, then, 


from the data sheet, 

S e i =5 xlCf 15 V 2 / Hz, Sp 2 = 4 xiO‘ 16 V 2 /Hz, 
fl = 10 Hz and f 2 = 1 0 kHz. Therefore, 

| "en2| ^ 

V (4.6 xlCT 15 ) 1 0 l n (1000) + 4 xio' 16 (1 xlO 3 ) (28) 


I enTl » 

(21) 

V(3xl0" 17 )10(6.9) +(6.25 xlO’ 18 ) (1 xlO 3 ) 
or 

lenTl^y 2.07 x 10‘ 15 + 6.25 x 10~ 15 (22) 

and 

lenTl«= ! A/83.2xl0' 16 = 9.lxl0“ 8 =91 nV rms. (23) 


or 

| e n 2|«8.47 x 10' 7 V rms = 847 nV rms. (29) 

In Equation (33) preceding it was established that 
| "©Tdiff | =^[~2 | ~ej\ = 1.4 (91 nV) = 129 nV (30) 


In Equation (36) , i n was established as 


| i n | (Is ji l-IS |2 Dfi In +| 


Si 2 l(fb-fa); (24) 


and from the op amp data sheet, values are given 
so that Sji = 5 x 10 -23 , Sj 2 = 3 x 10~ 25 , 
fl = 10 Hz and f 2 = 10 kHz. Therefore, 




5 xlO (10) (6.9) +(3 xlO -25 ) (1 xl 0 J ) (25) 


or 

|T n | = 


6.2 x 10 amps rms = 62 femtoamps rms. (26) 
Equation (35) preceding established that 

|en 2 |^(ISeil-ISe2l)fl In ^ + ls e2 l db-fa): (27) 


and from Equation (37) preceding, eTt was defined 
as 

I eTt I 




(31) 


ett 


1 ( 1.29 xl 0 ~ 7 ) 2 + 1 ~ 2 ( 6 - 2 X 10 -;)] 

\ 1_ (1 xlO -3 ) J 

. 7n2>1/2 

f 8.47 x 10 ~ 7> y | 

VI. 5 xlO 1 J J 


(32) 


|eTt|^j^(1.66 xlO' 


14\ 


) +(1.5x10 14 ) + .32 xlO ,H ) 


14\ 


,-7 


« 1.88x10 ^188 nV rms 


(33) 
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Frequency Response 

As defined in Equation (57) preceding, the output 
frequency of the preamplifier will be 


where 


Cout - Cgd + C| oa d + C stray 


(35) 


or 

Cout « 5 pF + 2 pF + 5 pF pF (36) 


and thus 

fout = — =880 kHz (37) 

(6.28) (1.5X10 4 ) (1 .2 xio”' 1 ) 


numerous forms of op amp compensation must be 
used. 

150 dB 

120 dB 

90 dB 

60 dB 

30 dB 

0 

-30 dB 

1 100 10 K 1 M 100 M 



The combined Bode plot of the preamplifier and the frequency (Hz) 

second stage is shown in Figure 18. 

The Bode plot indicates that the Op amp will be stable Figure 18. Bode Plot of Preamplifier and 

for any closed-loop gain of greater than 35 dB. For Second stage 

closed-loop gains of less than this value, one of the 
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PREVENTING LATCH-UP IN MONOLITHIC DUAL JFETS 


Monolithic JFETs offer the designer unmatched per- 
formance for a wide range of applications. While their 
monolithic structure offers tight matching and good 
drift characteristics it can also lead to a regenerative 
current flow known as latch-up. Fortunately, it is 
completely preventable, but only with some under- 
standing of the mechanism by which it occurs. 



Figure 1. Cross-Sectional View of a Junction-Isolated 
Monolithic Dual JFET 

Like CMOS, a monolithic JFET consists of multiple 
layers of both p- and n-doped silicon. Figure 1 offers 
a greatly simplified view. This construction technique 
is commonly called “junction isolation,” so named 
for the fact that each junction in the monolithic struc- 
ture is reverse biased. Ideally, junction isolation 
means a p-n junction will not conduct when a positive 
potential is applied to the n-doped region and a nega- 
tive voltage is applied to the p-doped region. In prac- 
tice, of course, there will be leakage currents. 

Latch-up results when, as an unexpected result of 
normal functioning, conduction current flows that 
cannot be halted. This flow will stop only when the 
device burns out or power to the device is physically 
interrupted. 

The potential for latch-up exists when a combination 
of p-n junctions forms an SCR - a silicon-controlled 
rectifier. An SCR consists of a pnp transistor and an 
npn transistor in a cascode arrangement as shown in 
Figure 2. SCR action occurs when the product of the 
individual current gains (Beta) of the npn and pnp 


Ed Oxner 
Central Applications 

exceed unity. If the base of the npn is more positive 
than its emitter, the npn turns on. Likewise, if the 
base of the pnp is more negative than its emitter, it 
turns on. Consequently, a positive potential applied 
to the npn’s base will turn it on. Conduction through 
the npn pulls the pnp’s base below its emitter poten- 
tial (base-negative with respect to the emitter) and 
the pnp turns on, while conduction through the pnp 
pulls the npn base high (positive), resulting in the re- 
generative latch-up effect. Physically interrupting 
conduction is the only way to stop this effect. 


GATE 


CATHODE 


n 

P 

n 

NPN 

PNP 





P 

n 

P 

_ANODE 


CATHODE 



ANODE 


GATE 


Figure 2. The Silicon-Controlled Rectifier, represented 
Symbolically and Electrically 


In Figure I’s simplified cross-sectional view, both 
JFETs are junction-isolated from each other. The Fig- 
ure shows a pair of n-channel JFETs with a p-doped 
region - representing the “back" gate - surrounded 
by an n-doped epi that forms an effective junction- 
isolated buffer between each JFET. This combination 
of p-n junctions, however, forms a potential SCR. 
This is more clearly shown in Figure 3. 


9 


The path in Figure 3 shows that SCR action will occur 
if either “back” gate is biased more positively than 
the opposing source (n-doped region) when the 
substrate is left floating. 
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Figure 3. Cross-Sectional View of a Junction-Isolated 
Monolithic Dual JFET Showing SCR Effect 

In some cases, such a combination of biases does 
not exist and latch-up will not be a worry. However, in 
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many popular JFET applications, SCR action is en- 
tirely possible. Typical applications are shown in Fig- 
ure 4. 

As Figure 5 shows, preventing latch-up is simple. 
Bias the substrate at a positive potential equal to or 
greater than the positive potential of the uppermost 
gate. This prevents the parasitic pnp from conduct- 
ing, and in turn halts any SCR action. 

In the special case of a differential amplifier, substi- 
tute a current regulator for the source resistor. This 
not only ensures against latch-up but also improves 
the amplifier's common-mode rejection perform- 
ance. 

For monolithic dual JFETs available in the TO-78 
case, pin 4 is the substrate. For the TO-71 , the sub- 
strate is the can, and there is no pin connection. In 
this case, a bond to the can may be improvised with 
a spring clip; this is generally preferred to soldering a 
lead to the can. 


+v 




CASCODE AMPLIFIER CASCODE CONSTANT-CURRENT 

SOURCE FOLLOWER 


Figure 4. Typical Circuits Where Latch-Up is Possible 
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SUBSTRATE CONNECTION 
TO-78 Pin 4 
TO-71 Can 


CASCODE CONSTANT-CURRENT 
SOURCE FOLLOWER 



DIFFERENTIAL AMPLIFIER 


Figure 5. Procedures to Prevent SCR Latch-Up 
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APPLICATIONS FOR THE 2N6908 SERIES 
JFET AMPLIFIER 


Doyle Slack 

INTRODUCTION 

The Siliconix 2N6908 series is much more than a 
JFET; it is a complete monolithic amplifier circuit fea- 
turing a low-noise, low-leakage JFET and two parallel 
diodes from the gate of the device to the substrate. 
This application note will discuss the operation of the 
2N6908 series and its uses and advantages. Also, 
several example circuits are included to show the 
2N6908 series’ versatility as an impedance matching 
circuit and/or small-signal amplifier. 

DEVICE OPERATION AND SPECIFICATIONS 

The 2N6908 series (2N6908, 2N6909, 2N6910) incor- 
porates the features of two of our more popular JFET 
products, producing a unique combination of low 
noise and low leakage. Two parallel diodes are con- 


nected between the JFET gate and the substrate 
(which is tied to the fourth lead of the package). 
These diodes clip transient spikes and overvoltages, 
protecting the output of the circuit from sudden volt- 
age fluctuations. 

Figure 1 shows the two circuits and their connections 
to the leads of a TO-72 can. It also shows the pad 
layout and dimensions of the 2N6908 die for use in 
hybrid circuit applications. Added flexibility can be 
achieved with the 2N6908 series when they are used 
as source-follower amplifiers. By varying the source 
resistor, a wide range of amplifiers can be designed 
- all featuring input protection. Table 1 shows some 
of the more important typical values for the 2N6908 
series. A transfer characteristic graph is included in 
Figure 2 to give an idea of the operating range of the 
2N6908 series. 


TO-72 


D 



BOTTOM VIEW 



1 SOURCE 

2 DRAIN 

3 GATE 

4 COMMON 


2N6908 Series 


NBB-A 



Gate is backside contact 


Figure 1. Schematic Diagrams, Lead Connections, and Die Layout for the 2N6908 Series. 
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Table 1. Typical Values for discussed parameters of the 2N6908 series 


Parameter 

2N6908 Family 

Test Conditions 

Diode Leakage 

< 2 pA 

V G4 = + 1 00 mV 

JFET Leakage 

< 1 pA 

V GS = 0 V, V DS = 10 V 



V G 4 = 0 V 

Noise 

10 nV/'/Hz 

V DS = 10 v, v GS = 0 V 



f = 10 Hz 



V GS (V) 


Figure 1. Graph of the Transfer Characteristics 
of the 2N6908 series 

ADVANTAGES AND APPLICATIONS 

Several advantages of the 2N6908 series - such as 
low noise, low leakage, and small size - have already 
been mentioned. These and other advantages over 
discrete amplifiers, including improvements in both 
circuit operation and ease of implementation, make 
this series very attractive: 

1 . A low-noise and low-leakage combination is ef- 
fective in providing an extremely high input im- 
pedance and low loading. These characteristics 
allow connection to the outputs of high-imped- 
ance transducers with minimal signal loss and 
signal noise injection. 


2. The diodes provide overvoltage protection for 
later stages. If voltage sensitive circuits follow 
the 2N6908 series part, the maximum output 
swing of the 2N6908 source follower amplifier will 
be less than a diode forward voltage drop above 
or below ground potential if the fourth lead of the 
device is grounded. 

3. Monolithic design reduces space requirements to 
a minimum, allowing circuit placement in loca- 
tions that are often impossible for discrete ampli- 
fiers. It also reduces the possibility of noise inser- 
tion from nearby sources because the case of 
the part is normally grounded to provide an ef- 
fective RF shield. Also, the 2N6908 series’ small 
die size makes it very attractive for use in hybrid 
circuits, such as those designed for hearing aids 
where minimizing space is an essential design 
factor. 

4. Low-current/low-voltage capability makes the 
2N6908 series amplifier ideal for battery opera- 
tion. This is important for low-cost field operation 
and for portable equipment. 

The most universal application of the 2N6908 series 
is in impedance matching for high-impedance 
sources (such as transducers) to low-impedance 
loads (such as transmission lines). Figure 3 demon- 
strates how simply the 2N6908 can solve the imped- 
ance problem. The input impedance of JFETs is typi- 
cally in the range of 1000 G n (10 12 ) while the output 
impedance of the amplifier is set by the source resis- 
tor. In Figure 4, the 2N6908 is shown in a more spe- 
cific application - as a preamplifier for an electret 
microphone. 
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Figure 4. Schematic Diagram of An Audio Amplifier Using the 2N6908 As 
A Microphone Preamplifier 


But what if an even lower load impedance, such as 
50 H, from a transmission line is to be used? Figure 5 
shows how the output impedance of the source fol- 
lower circuit can be lowered even more with the help 
of a bipolar transistor. The reflected resistance 
through the base of the bipolar is paralleled with the 
effective output resistance of the 2N6908 circuit to 
produce an output resistance of less than 60 n and a 
voltage gain of better than 0.95 V/V. This allows both 
the source and load to be optimally matched with vir- 
tually no signal loss. 

The bipolar-assisted source follower gives great flexi- 
bility by allowing interface between any ultra high-im- 
pedance source and a 50 fl load with virtually no sig- 
nal loss or noise insertion. Some examples of ultra 
high-impedance transducers are electret micro- 
phones, input preamplifiers for hearing aids, acceler- 
ometers for military and industrial sensing, infrared 
sensors, and ion chambers such as those used for 
industrial radiation exposure monitors. 


+5 v to +10 v 



Figure 5. Schematic Diagram of the Bipolar 

Assisted Low Output impedance Source- 
Follower Amplifier 
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Figure 6. Schematic Diagram of the 2N6908 Series Proximity Sensor 


Another example of how the 2N6908 family could be 
used is given in Figure 6. Here, the 2N6908 series 
circuit input is connected to a capacitive field sensor 
(as simple as a piece of double sided circuit board) . 
Any induced voltage change on the plates is fed to 
the input of the peak detector section of the op-amp 
circuit. The Schmitt trigger monitors the voltage 
across the capacitor and changes its output state 
when the capacitor voltage crossed the 2.5 V trigger 
point. The output from the Schmitt trigger switches 
between 0 and 5 V and is microprocessor-compatible 
for sensor applications, such as computer-controlled 
intruder alarms. 

Another transducer interface problem occurs when 
high impedance measurement networks are con- 
nected to operational amplifiers for differential meas- 
urement. This can be solved by the circuit shown in 
Figure 7. Here a pair of 2N6908 series parts has been 
used to monitor a high-impedance bridge for an in- 
strumentation amplifier. This circuit allows precision 


measurement at low input signal levels and easy ze- 
roing of the amplifier output. 


+ 12 v 
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Figure 7. Schematic Diagram of the Low Signal 
2N6908 High Impedance Instrumenta- 
tion Amplifier 


a 
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+6 V 



Figure 8. Schematic Diagram of the 2N6908 Series Low Power Common Source Amplifier 


Another use for the 2N6908 is in the common-source 
amplifier mode where low power or battery operation 
is important. Figure 8 shows a circuit that will operate 
in the 10- to 20- jliA range at a 12 V supply, voltage. 
The diode protection is still available in this configura- 
tion, but the circuit voltage gain will be between 10 
and 20 V, with extremely low power consumption 
(approximately 250 jjiW). This is very desirable for 
remote or battery operation where minimum mainte- 
nance is important. 

CONCLUSION 

With its low noise and low leakage combination, the 
2N6908 series amplifier is an ideal circuit for imped- 
ance matching. Although this series has been de- 


signed for source follower applications, it is flexible 
enough to be converted to any suitable amplifier de- 
sign and still provide diode protection. There are 
many good reasons to include these devices in your 
designs, such as small size, outstanding perform- 
ance, and reasonable cost, lower parts count, and 
higher reliability. These advantages make the 2N6908 
series preferable for numerous small signal applica- 
tions. 
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ANALOG SWITCHING USING FETS 


GATE 



SECTION 1: FETS AS ANALOG 
SWITCHES 

INTRODUCTION 

The past few years have seen a pronounced growth 
of analog/digital systems which employ integrated 
circuits. One of the interface elements in such a sys- 
tem is the digitally-controlled analog switch. As more 
and more applications arise for the analog switch, 
especially in the areas of industrial processing and 
control, the question is often asked: “Which is the 
best switch for my application?” 

The sheer variety of applications precludes any pat 
answer to this question; however, the user of analog 
switches can gain valuable insight on the subject 
through an understanding of the nature of solid-state 
switches. Areas which require exploration include: 

1. Base factors affecting switch performance. 

2. Details of switch-driver circuit design. 

3. Total switching characteristics of driver circuits 
and switches. 

4. Characterization of the analog switch at high fre- 
quencies. 

The intent of this section is to consider (1) above, in 
detail, with minor attention to the other areas. 

Field-Effect Transistor Operation 

The field-effect transistor (FET) is in effect a conduc- 
tor whose cross-sectional area may be varied by the 
application of appropriate voltages. When the con- 
ducting area (the channel) is maximum, conduc- 
tance is also maximum (minimum resistance). When 
the conducting area is minimum, conductance is 
minimum (maximum resistance). This phenomenon 
makes possible the use of FETs as analog switches. 
When conductance is maximum, the switch is in the 
ON state; when conductance is minimum, the switch 
is in the OFF state. In the ON state, an n-type channel 
contains n-type carriers; similarly, p-channel FETs 
contain p-type carriers. Cross-sections for three 
types of n-channel FETs are shown in Figure 1 . 


GATE 



VOLTAGE. NEGATIVE BODY VOLTAGE 
(B) ALSO DEPLETES THE CHANNEL. 


METAL 



Figure 1. N-Channel FET Cross-Sections 
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P-channel FET cross-sections are quite similar, ex- 
cept that the channel contains p-type carriers and 
the voltage polarities are reversed. Depletion-mode 
devices are shown in Figures 1A and IB; these FET 
types have high channel conductance (are ON) with 
zero gate-channel voltage, and are characterized as 
“normally-ON” switches. An enhancement-mode 
FET is shown in Figure 1C. This device requires that 
voltage be applied to the control gate to create a 
conducting channel - the ON state. Enhancement- 
mode FETs are said to be normally-OFF. 

For enhancement-mode devices, channel conduc- 
tance (gos) is a function of length (L), width (W), 
thickness (T), carrier mobility (jx), and mobile carrier 
concentration (Nc): 


Qds = Ki — — jxNc 

Effective channel thickness and carrier concentration 
are functions of the electric field in the channel. Volt- 
age on the control gate changes the field, and hence 
the channel conductance, gos- 

Tne gate voitage is applied with respeci to the chan- 
nel (source or drain). In most devices, the function 
of the source and drain can be interchanged, be- 
cause of symmetrical FET geometry. By convention, 
however, voltage is specified between gate and 
source, Vqs- Figure 2 shows the variation of gos with 
Vqs for both n- and p-channel devices. In all cases, 
Qds = l/rps- 



Figure 2. Channel Conductance vs Gate-Source Volatage 
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Note that the slopes (Agos/AVos) for all three types 
of n-channel FETs are constant and positive, while 
the slopes for the p-channel devices are constant 
and negative, n- and p-channel depletion-mode FETs 
are ON when Vqs = 0, while enhancement-mode de- 
vices of both types are OFF when Vqs = 0. Typically, 
the cut-off voltage, Vqs (off). is designed to fall in the 
1 -to-1 0 volt range, while the gate-to-source threshold 
voltage, VQS(th) - that amount of voltage applied to 
the point where the device begins to conduct - falls in 
the 1 -to-5 volt range. Figure 2 also demonstrates that 
gos is approximately a linear function of Vqs. with 
zerogos occurring atVQS(off) orVQS(th). as follows: 

9DS = K 2 | Vqs - VQS(off)| (depletion) 

9ds = K 2 | Vqs - V gs ( th)l (enhancement) 


LPD-10 

For a given active area, a junction FET (JFET) will 
have a higher conductance slope than a MOS FET. 
Additionally, n-channel carriers have higher mobility 
than p-type carriers. Thus, all things being equal, n- 
type FETs have higher gps (=1 /r ds) than p-type 
devices. If the active area of the device is increased 
to raise the gos level, three other FET parameters 
will also be increased: leakage, capacitance, and 
cost. The design tradeoffs of these latter parameters 
are discussed in this Application Note. 

When a FET is used as an analog switch, the drain- 
to-source voltage, Vps. may be either positive or 
negative. In the OFF state, a typical switch may have 
Vds = ±20V. In the ON state, current flows equally 
well from drain to source or from source to drain (the 
channel is resistor). For most applications, the volt- 
age across the switch will be small. 






Figure 3. DC Equivalent Circuits 
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DC Equivalent Circuits 


ON Condition Calculation 


The perfect switch would have infinite resistance 
(zero conductance) when open and zero resistance 
(infinite conductance) when closed. While the FET is 
not a perfect switch, there are many applications 
where this deviation from perfection is unimportant. 
This statement can be justified by an analysis of the 
implications of the circuits shown in Figure 3. 


The general two-port network in Figure 3A couples 
the signal source, Vsig. to a resistive load, Rl- The 
network can be characterized by its terminal voltage 
and currents. Vi , V 2 , 1 1 , and 1 2 . Figure 3B shows the 
equivalent circuit of a FET switch in the OFF state. In 
this condition, the “source” and “drain” are not con- 
nected to one another; however, two leakage current 
sources, Is and Ip. are present. The same device is 
shown in the ON state in Figure 3C. The following 
typical values are assumed for the circuit: 


Vsig = 10 V (full scale) 
• s = Id = 1 nA 
r ds = 1 00 fl 
R l = 200 kn 
Rsig = 10 n 


In the following calculations, leakage current (devia- 
tion from the state of a perfect switch) is expressed 
in terms of error percentage. 


h = Is + I d - 1 2 

1 = v 2 Vsig 

2 Rl Rl + Rsig + r DS 


/ S |Q-V 2 ^ = (50 ji A) (lion) = 5.5 mV 


* (5.5 x 10 3 ) (10 2 ) 2 

% Error in V 2 = 71 = 5.5 x 10 = 


10 


* Referred to Vsig (full scale) 


0.005 % 


The foregoing calculations indicate that for all but the 
most critical applications the performance of the FET 
equivalent circuits in Figure 3 is a good approxima- 
tion of the perfect switch. In particular, the OFF 
condition leakage currents contribute only a negligi- 
ble portion of total error. 


The actual error currents of three different types of 
FET switches are shown in Figure 4. The measured 
error is much lower than the 1 nA (1000 pA) obtained 
from the sample calculations. These data are taken 
from a MOS FET, an n-channel JFET, and a comple- 
mentary MOS (CMOS) combination including a p- 
channel device and an n-channel device diffused 
onto the same substrate. The behavior of these FETs 
as elements of analog switching integrated circuits 
will be dealt with in detail elsewhere in this Application 
Note. 


OFF Condition Calculation 


(1) h = l S = 1 nA 

Vsig- Vi = h -Rsig = (1 nA) (10 n) = 10 nV 

(10" 8 V) (10 2 ) _ 7 

% Error inV-| = = 1x10 Vo 

10 V 

(2) l 2 = l D = 1 nA 

V 2 (off) = I 2 Rl = (1 nA) (200 kfl) = -200 jiV 

* (2 x 10 -4 ) (10 2 ) 

% Error in V 2 (off) = = 0.002% 


1 1 si OR 
MdI (PA) 


******** 
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Figure 4. FET Switch Error Currents 
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The JFET as a Switch 

A suitable driving circuit must be considered when 
assessing the performance of the JFET as a switch. 
Such a circuit is shown in Figure 5. 



Figure 5. JFET Switch Control Circuit 


Note that Qi is an n-channel JFET, Q 2 is an enhance- 
ment-mode p-channel MOS FET, and Q 3 is an en- 
hancement-mode n-channel MOS FET. From Figure 
2, Vin of -20 V will turn Q 2 ON and Q 3 OFF, so that 
Si and Gi are connected (Vqs = 0 V) and Qi is ON. 
If V GS is allowed to vary, gps (= 1/r Ds) will also vary. 
This variation in resistance appears as a source of 
error when the switch is ON, and the error is defined 
as resistance modulation. In Figure 6 , the error per- 
centage in the case of resistance modulation is 
greater than that which occurs when Arps = 0 . 

The suggested driving circuit of Figure 5 eliminates 
Arps at low frequencies. The typical positive supply 
voltage is +10 V and the typical negative supply volt- 
age is -20 V. In order for Vqs to change, current 
must flow through Q 2 , which is ON. There are only 
two possible current paths through Q 2 ; ( 1 ), through 
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Q 3 , which is OFF and subject only to variations in 
leakage current, or ( 2 ), into the gate of Qi, which is 
also subject to leakage current. Since both paths 
through Q 2 provide only negligible changes in Vqs. 
their effect in the circuit may be ignored. As the 
switching frequency is increased, capacitive reac- 
tance will provide lower impedance paths, so that 
some degree of Arps is possible. Thus two condi- 
tions contribute to Arps = 0 in the circuit. First, Vsig 
~ Vqi , due to the low impedance between these 
points. Second, the output impedance of Q 3 (driver 
output) is very large when compared to the Ron of 

q 2 . 


r DS 



NO RESISTANCE 
MODULATION: 


WITH RESISTANCE 
MODULATION: 


% ERROR : 


-100 


1 + - 


r DS 


% ERROR = 


-100 


1 +- 


Figure 6. 


Error Due to Switch 
ON-Resistance ( r DS ) 


WhenViN is +10 V, Q 2 is OFF and Q 3 is ON; Gi is at 
-20 V and Qi is OFF. In Figure 7, note that Qi will 
remain OFF only so long as Vsig > (Vgi - Vas(off)). 
v GS(off) is a negative voltage for an n-channel FET; 
thus the negative analog signal is limited by the 
v GS(off) of Qi and the negative supply (Vqi ~ 
-20 V) . 


The ON condition is also shown in Figure 7. gps is 
constant because with Vqi = Vsig imposed by the 
switch control circuit, Vqs ^ 0. 
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Figure 7. 

Switch ON Condition 



Figure 8 also indicates that at any given point along 
the gos vs Vsig curve, a unique value of gos will be 
obtained. Assume that a battery is inserted between 
the source and the gate, with the source clamped to 
the body as shown in Figure 9. 


AA/V ?b 



The MOS FET as a Switch 

The p-channel enhancement-mode MOS FET is cur- 
rently used in more applications than its n-channel 
counterpart. The consideration of MOS FET switch 
performance will thus center on p-channel devices. 

The ON and OFF conditions of the MOS FET are ana- 
lyzed in Figure 8. When the device is in the ON stage, 
note that the FET begins to turn ON when Vsig ( v s or 
Vq ) becomes VQS(th) volts more positive than Vq 
(= -20 V) . 


10 v 

B 

9 


> O " ^ ^ 



Figure 8. PMOS Channel Conductance 
( r os ) vs Signal Voltage 


Figure 9. “Floating” Battery and 
Clamped Source 


A constant voltage between source and gate will pro- 
duce a constant value of g ds vs Vsig, provided that 
the body-to-source voltage is also constant. In a 
MOS FET, variation of the body-to-source voltage will 
also cause a modulation of gos- To further compli- 
cate the picture, several MOS FETs will have a 
common body when they are integrated on a single 
chip. Finally, the construction of a “floating battery” 
circuit is difficult. Thus MOS FET switch designers 
currently cope with the problem of Aros by specify- 
ing rgs for a given switch at several points over the 
entire analog voltage range. 

Referring to the switch in the OFF condition = 
+10 V), it is apparent that no problem will exist until 
the source-to-body or drain-body diode becomes 
forward-biased. 

The CMOS Switch 

As noted previously, the typical PMOS switch circuit 
will exhibit a variation in ON conductance as the ana- 
log voltage is varied. This undesirable characteristic 
can be overcome by paralleling p- and n-channel 
FETs, as shown in Figure 10A. For the ON state, the 
n-channel gate is forced positive and the p-channel 
gate is forced negative. Figure 10B shows the 
combined conductance of the two FET switches. The 
integrated combination of n-channel and p-channel 
devices on a common substrate is referred to as 
complementary MOS (CMOS). 
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p-MOS 

n-MOS 


V G 

-15 V 

+15 V 

ON 

v G 

+15 V 

-15 V 

OFF 


(B) 


PARALLEL P-MOS AND N-MOS (CMOS) 


OFF CONDITION: 

1 

V G (n-TYPE) = -15 V 
V G (p-TYPE) = 15 V 

9ds= ids 

CHANNEL-TO-BODY 

CHANNEL-TO-BODY 

DIODE OF N-TYPE 

DIODE OF P-TYPE 

DEVICE FORWARD 

DEVICE FORWARD 

BIASED 

BIASED 

— * S : . 

J— 

1 II 

l 1 1 


-15 -10 -5 0 5 10 15 


(C) 

Figure 10. Characteristics of CMOS 
Devices 


The OFF condition for the CMOS device will be main- 
tained so long as the channel-to-body diodes do not 
become forward-biased, as shown in Figure 10C. 

The major advantages the CMOS construction tech- 
nique makes to analog switching are: 

• Lower rps variation with analog signal character- 
istics, similar to the performance of a junction 
FET. 

® Analog signal range extends to + and - supply 
voltages. For instance, using the same ±15 V 
supplies typical of operational amplifiers, the 
signal-handling capability of the system is limited 
by the op amp, not by the switch. 

Summary of FET Switch Performance and 
Tradeoffs 

Figure 1 1 compares the performance of two switch 
types with respect to ros(on) vsVsig- 



-16 -80 8 16 
Vsig(V) 


Figure 11. Performance of Three FET Switches 


The curves in Figure 12 define the maximum rps (° r 
Ar^s) which can exist for a given allowable error per- 
centage with a fixed value of R|_. Recall that in the 
circuit in Figure 3, a resistive load of 200 kfl was as- 
sumed. If it is also assumed that an error level of 
0.1% is tolerable, then rps = 200 n is the maximum 
allowable switch resistance. On the other hand, if 
settling time is not critical, then an Rl of 1 Mfl, yield- 
ing rps = 1 kH is permissible. 
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0.001% 0.01% 0.1% 1% 


ALLOWABLE ERROR IN V L 


Figure 12. Tolerable Level of A r DS and r DS 


In situations where settling time is indeed a design 
consideration, the circuits in Figure 13 will provide an 
overview of the exact nature of settling time forV 2 (= 
VJ at turn-OFF and turn-ON. For a turn-ON signal, Cl 
charges through rps- During turn-OFF, Cl dis- 
charges through Rl. For a system error level of 
0.1%, Rl = 1000 rpsl therefore, the maximum set- 
tling time forV 2 occurs during turn-OFF. 


Consider a switch with Cs = Cq = 3 pF, for an appli- 
cation requiring 0.1% accuracy with 5 jis settling 
time. A typical stray capacitance (Cin for an op amp) 
may be 6 to 7 pF. Therefore, CL = 3pF + 7pF = 
10 pF. Resistance loads, Rl, of 100 kH, 50 kn, and 
25 kH are considered for the switch. The time re- 
quired for an RC system to settle to within 0.1% of its 
final value is 6.9 time constants (6.9 RC) . Table 1 
shows the Rl and rps values necessary to satisfy a 
number of settling time specifications. From Table 1 , 
it is apparent that so long as Rl < 72 kfl, the desired 
settling time of 5 pis will be achieved. 





Ci_= c D + c STRAY 



CLOSED SWITCH CONTAINING 
STRAY CAPACITANCE 


Figure 13. Switch Settling Time Equivalent Circuits 
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Table 1 


Rl 

(Kfl) 

tds 

(XI) 

Cl 

(PF) 

tON (V 2 )** 
(0.1% settling time) 
(ns) 

tOFF (V 2 )** 

(0.1 % settling time) 
(JJLS) 

25 

25 

10 

1.72 

1.72 

50 

50 

10 

3.45 

3.45 

* 72 

72 

10 

5.00 

5.00 

100 

100 

10 

6.90 

6.90 

* Maximum Rl for t se t = 5 jis 

* Does not include delay times 


If cost is a design constraint, it is wise to make a 
close analysis of actual system switch requirements. 
Too often, designers buy unnecessary performance 
capability. In Table 1, the switch with rps = 25 XI 
costs nearly twice as much as does the switch with 
r ds = 50 H, yet either switch will meet the 5 jj.s set- 
tling time specification. 

Switch Capacitance 

In general, the lower the switch capacitance the bet- 
ter the switching time and high-frequency isolation 
performance. 

The simplified representation of switch capacitance 
shown in Figure 13 can be used to provide a very 
good estimate of what problems (if any) will be 
caused by switch capacitance in a given application. 

In general, capacitance is proportional to the active 
area in a FET chip, prior to bonding onto a header. 
Additional stray capacitances are introduced when 
the leads are brought out through the device pack- 
age. Thus, as lower ros (higher gos) is required, the 
active area is generally increased to obtain that 
parameter. The increase in area leads to an increase 
in capacitance. 

The foregoing statements are true so long as one is 
dealing with a given device type. However, in transi- 
tion from a JFET to a PMOS device, a significant dif- 
ference will be observed in the active areas required 
for a given rps- Figure 14 compares the area of a 
JFET (from the hybrid DG181 circuit) and the mono- 
lithic PMOS circuit. Note that the rgs for the JFET is 
approximately one-third that of the PMOS device, 


LPD-10 

while the active PMOS area is almost three times 
greater than that of the JFET. Yet the ratio of PMOS- 
to-JFET capacitance is almost 2:1. 


MOS-FET (PMOS) 


iihlihhljlil 

Fil|i|l»!|l|I|l 

lllllllhllllT 

wamm 
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■ 14.4 MILS - 


34.0 

MILS 


DG181 

JFET 



|-i 13.7 MILS *\ 


12.9 

MILS 


r ds = 42X1 
AREA = 489.6 MIL 2 
C D = 10 pF 


ros = 15X1 
AREA = 176.7 MIL 2 
C D = 6 pF 


Figure 14. Active Area Comparison of PMOS 
and JFET Switches 


Switch Comparison 

A comparison between the characteristics of the 
three types of JFET switches is made in Table 2. 


Table 2 


Switch 

Type 

Analog Signal 
Range 

r ds 

a tds 

Leakage 
Id or 
Is 

PMOS 

(V_ - V GS (th)) < VsiG* 

High 

High 

Low 

JFET 

(V_ Vqs (off )) < VsiG* 

Low 

Low 

Low 

CMOS 

v_ < V S |Q < V+ 

Med. 

Med. 

Low 

* Both VQs( th ) (for PMOS) and V GS(off) (for N-channel 

JFET are negative voltages 

V_ is defined as positive supply voltage 

V + is defined as negative supply voltage 
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This section of this Application Note has surveyed the 
characteristics of FET switches and their associated 
drivers. In considering the FET as an analog switch, 
discussion has largely centered on the devices them- 
selves, including specific load problems and applica- 
ble driver circuits. Total switch performance is a 
function of the switch and the switch driver. Typically, 
high-performance switch drivers require numerous 
switching transistors. When discrete devices are con- 
sidered, the total parts count will be high and the 
cost will be prohibitive. From the standpoint of cost, 
improved performance, and smaller size, the inte- 
grated circuit FET switch and driver is often the 
superior choice. 

SECTION 2: DMOS FET ANALOG 
SWITCHES AND SWITCH ARRAYS 

INTRODUCTION 

This section of this Application Note describes in 
detail the principle of operation of the SD5000/210 
series of high-speed analog switches, switch arrays, 
and drivers. It also contains an explanation of the 
most important switch characteristics. Application 
examples, test data, and other application hints are 
included. 

Description 

The Siliconix SD210 and SD5000 series are single and 
quad monolithic arrays, respectively, of single-pole 
single-throw analog switches. The switches are n- 
channel enhancement-mode silicon field-effect 
transistors that are built using double-diffusion 
silicon-gate technology. 

This family of devices is designed to handle a wide 
variety of video, fast ATE and telecom, analog 
switching applications. They are capable of ultrafast 
switching speeds (t r = 1 ns, toFF = 9 ns) and excel- 
lent transient response. Thanks to the reduced 
parasitic capacitances, DMOS can handle wideband 
signals with high OFF-isolation and minimum cross- 
talk. 

The SD210 series of single-channel FETs is available 
non-zenered to reduce leakage and in Zener pro- 
tected versions to reduce electrostatic discharge 
hazards. The SD5000 series is presented in 16-lead 
dual in-line plastic or side braze ceramic packages, 


CT" Silicon ix 

JL9 incorporated 

as well as in 14-lead SOT plastic packages. Analog 
signal voltage ranges up to ±10 V and frequencies up 
to 1 GHz can be controlled. 

Applications 

Thanks to the fast switching speeds, low ON-state re- 
sistance, high channel-to-channel isolation, low 
capacitance, and low charge injection, these DMOS 
devices are especially well suited for a variety of ap- 
plications such as: high-speed video/audio switching, 
fast analog or digital signal multiplexing, sample and 
hold, choppers, etc. 

A few of the many possible application areas for 
DMOS analog switches (and their improved charac- 
teristics) are listed below: 

1 . Video and RF switching (high speed, high off-iso- 
lation, low cross-talk): 

- Multiple video distribution networks 

- Sampling scanners for RF systems 

2. Audio routing (glitch-and noise-free) 

- High-speed switching 

- Audio switching systems using digitized remote 
control 

3. Data acquisition (high speed, low charge injec- 
tion, low leakage): 

- High-speed sample and hold 

- Audio and communication analog-to-digital 
converters 

4. Other: 

- Digital switching 

- PCM distribution networks 

- UHF Amplifiers 

- VHF Modulators and Double-Balanced Mixers 

- High-speed inverters/drivers 

- Switched capacitor filters 

- Choppers 

Principle Of Operation 

The electrical symbol shown in Figure 15 provides 
several important bits of information: It depicts an n- 
channel enhancement-mode device with an insulated 
gate and asymmetrical structure. The gate protection 
Zener is shown with broken lines to indicate that, 
although it is present on the chip, it is not a main 
constituent of the fundamental switch structure. 


9-90 




fGTSiliconix 

M m incorporated 


LPD-10 


GATE 



SOURCE GATE DRAIN 



Figure 16. Cross-sectional View of the 
Idealized DMOS Structure 


When the gate potential is equal to or negative with 
Figure 15. DMOS Electrical Symbol respect to the source, the switch is OFF. In this 

state, the p-type material in the channel forms two 
back-to-back diodes and prevents channel conduc- 
tion (Figure 17a). If a voltage is applied between the 
S and D regions, only a small junction leakage cur- 
rent will flow. 


Each switch is a DMOS n-channel field-effect transis- 
tor of the enhancement-mode type: that is, the de- 
vice is normally OFF when gate-to-source voltage 
0 /gs) is 0 V. The lateral double-diffused MOS 
(DMOS) transistor, shown in cross-section in Figure 
16, has three terminals (source, gate, and drain) on 
the top surface and one (the body or substrate) on 
the bottom of the chip. A Zener diode with a break- 
down voltage of approximately 40 V is added to 
protect the gate against overvoltage and electro- 
static discharges. 


G 

9 


J 

[_pGS 



+ 

\ 1 

j~ Ld hJ , 

J ' 

1 

l 1 
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(A) EQUIVALENT ’’OFF” CIRCUIT 


The double-diffusion process creates a thin self- 
aligning region of p-type material, isolating the 
source from the drain region. The very short channel 
length that results between the two junction depths 
permit achieving extremely low source-to-drain and 
gate-to-drain capacitances at the same time that 
provides good breakdown voltages. 


The silicon-gate process allows for high manufactur- 
ing repeatability and very stable performance without 
the instabilities associated with the metai-gate 
technique. 



so- 


r DS(ON) 

— WV 1 OD 


(B) EQUIVALENT "ON" CIRCUIT 



Figure 17. 
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The oxide insulator present between gate and source 
forms a small capacitor that accumulates charge. If 
the gate-to-source potential (Vqs) is made positive, 
the capacitive effect attracts electrons to the channel 
area immediately adjacent to gate oxide. As Vqs in- 
creases, the electron density in the channel will 
exceed the hole density, and the channel becomes 
an n-type region. As the channel conductivity is en- 
hanced, the n-n-n structure then becomes a simple 
silicon resistor through which current can easily flow 
in either direction. Figure 18 shows the normal mode 
of operation of a single switch for ±10 V analog signal 
processing. Note that the source is recommended 
for the input since feedback or reverse transfer ca- 
pacitance is lower when the drain is used as the out- 
put. In this case, the gate is driven by +20, -10 V for 
which an SD5200, SD210, or D211 could be used. 



Figure 18. Normal Switch Configuration 
for + 10 V Analog Switch 

As can be seen from Figures 17a and 17b, the body- 
source and body-drain pn junction should be kept 
reverse biased at all times: otherwise, signal clipping 
and even device damage may occur if unlimited 
currents are allowed to flow. Body biasing is conven- 
iently set, in most cases, by connecting the 
substrate to V-. 

Main Switch Characteristics 

r DS(on) 

ON-channel resistance is controlled by the electric 
field present across and along the channel. Channel 
resistance is mainly determined by the gate-to- 
source voltage difference. When Vqs exceeds the 
threshold voltage (Vj), the FET starts to turn on. 


fTSiliconix 

JL9 incorporated 

Numerous applications call for switching a point to 
ground. In these cases the source and substrate are 
connected to ground and a gate voltage of 3 to 4 V is 
sufficient to ensure switching action. 

With a Vqs in excess of +5 V, a low resistance path 
exists between the source and the drain. The circuit 
shown in Figure 18 exhibits the rDS(on) vs. analog 
signal voltage relationship shown in Figure 19. 


200 
160 

r DS(ON) 

(fl) 120 
80 

40 
0 

-10 -5 0 5 10 15 

V S (V) 



(A) V BO dy = 10 V: V GATE = 20 V 

(B) V BO dy = 10 V: V GATE = 15 V 

(C) Vbqdy = 0 V: V GATE = 20 V 


Figure 19. ON-Resistance Characteristics 

When the analog signal excursion is large (for exam- 
ple ±10 V) the ON-channel resistance changes as a 
function of signal level. To achieve minimum distor- 
tion, this ON-channel resistance modulation should 
be kept in mind, and the amount of resistance in se- 
ries with the switch should be properly sized. For in- 
stance, if the switch resistance varies between 20 fl 
and 30 fl over the signal range and the switch is in 
series with a 200-load, the result will be a total AR = 
4.5%. Whereas, if the load is 100 kfl, AR will only be 
0 . 01 %. 

Threshold Voltage 

The threshold voltage ( Vj) is a parameter used to 
describe how much voltage is needed to initiate 
channel conduction. Figure 20 shows the applicable 
test configuration. In this circuit, it is worth noting, for 
instance, that if the device has Vy = 0.5 V, when 
V+ = 0.5 V, the channel resistance will be: 

R channel = - 7 — ~ = 500 k fl 

1 jiA 


9-92 





CT'Siliconix 

JLM incorporated 


V+ 

9 


LPD-10 


V 

h 

f 


1J1A 



Figure 20. Threshold Voltage Test Configuration 


Body Effect 

For a MOSFET with a uniformly doped substrate, the 
threshold voltage is proportional to the square root of 
the applied source-to-body voltage. The SD5000 
family has a non-uniform substrate, and the Vj 
behaves somewhat differently. Figure 21 shows the 
typical Vj variation as a function of the source-to- 
body voltage Vsb • 

As the body voltage increases in the negative direc- 
tion, the threshold goes up. In consequence, ifVos is 
small, the ON-resistance of the channel can be very 
high. Figure 22 shows the effects of Vsb andVcs on 
Ron- Therefore, to maintain a low ON-resistance it is 
preferable to bias the body to a voltage close to the 
negative peaks of Vs and use a gate voltage as high 
as possible. 



V SB (V) 

Figure 21. Threshold vs Source-to-Body Voltage 
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Charge Injection 

Charge injection describes that phenomenon by 
which a voltage excursion of the gate produces an 
injection of electric charges via the gate-to-drain and 
the gate-to-source capacitances into the analog sig- 
nal path. Another popular name for this phenomenon 
is “switching spikes.” 

Since these DMOS devices are asymmetrical 1 , the 
charge injected into the S and D terminals are differ- 
ent. Typical parasitic capacitances are on the order 
of 0.2 pF for Cdg and 1 .5 pF for Csg- 

Vhe chip geometry is such that non-identical behavior occurs 
when the source and drain terminals are reversed in a circuit. 



V SB (V) 

Figure 22. ON-Resistance vs Source-to-Body 
and Gate-to-Source Voltages 
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Another factor that influences the amount of charge 
injected is the amplitude of the gate-voltage excur- 
sion. This is a directly proportional relationship: the 
larger the excursion, the larger the injected charge. 
This can be seen by comparing curves (a) and (c) in 
Figure 23. One other variable to consider is the rate 
of gate-voltage change: Large amounts of charge 
are injected when faster rise and fall times are pre- 

ocih ai mo yato. ijiio io omuvvii uy out vco \ a ) at iu 

in Figure 23. 




-10 -50 5 10 

v s (V) 

(A) +10 V, t f : 0.3 V/^s 

(B) +10 V, t f : 0.03 V/jjls 

(C) 0, -10 V, t f : 0.3 V/jis 


Figure 23. SD5000 Charge Injection 


Switching spikes occur at switch turn-on as well as 
turn-off time. When the switch turns on, the charge 
injection effect is minimized by the usually low signal- 
source impedance. This low impedance tends to 
produce a rapid decay of the extra charge introduced 
in the channel. At turn-off, however, the injected 
charge might become stored in a sampling capacitor 
and create offsets and errors. These errors will have 
a magnitude that is inversely proportional to the mag- 
nitude of the holding capacitance. 


CTSiliconix 
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Figure 23 illustrates several typical charge injection 
characteristics. Figure 24 shows some of the corre- 
sponding waveforms. The DMOS devices, thanks to 
their inherent low parasitic capacitances, produce 
very low charge injection when compared to other 
analog switches, either PMOS, CMOS, JFET, BIFET 
etc. Still, when the offsets created are unacceptable, 
charge injection compensation techniques exist that 
eliminate or minimize them. The solution basically 
consists of injecting another charge of equal ampli- 
tude but opposite polarity at the time when the switch 
turns off. 



... TOP: 5 V/div HOR: 0.5jJs/div 

[ } BOT: 50 mV/div POINT (1) 



TOP: 5 V/div HOR: 2^s/div 

BOT: 50 mV/div POINT (2) 


Figure 24. Waveforms for points (1) 
and (2) of Figure 7 

Off-isolation And Crosstalk 

The dc ON-state resistance is typically 30 fl and the 
OFF-state resistance is typically 10 10 n, which 
results in an OFF-state to ON-state resistance ratio in 
excess of 10 8 . However, for video and VHF switching 
applications, the upper usable frequency limit is 
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determined by how much of the incoming signal is 
coupled through the parasitic capacitances and 
appears at the switch output when ideally no signal 
should appear there, in the OFF state. 

Off-Isolation is defined by the formula: 

Off-Isolation (dB) = 20 log V ° UT - 

Vin 

When several analog switches are simultaneously be- 
ing used to control high frequency signals, crosstalk 
becomes a very important characteristic. For video 
applications, the stray signal coupled via parasitic ca- 
pacitances to the signal of an adjacent channel can 
form ghosts and signal interference. To help obtain 
high degrees of isolation, it becomes necessary to 
exercise careful circuit layout, reducing parasitic ca- 
pacitive and inductive couplings, and to use proper 
shielding and bypassing techniques. Figure 25 shows 
the excellent off-isolation and crosstalk performance 
typical of this family of DMOS analog switches. 




IK 10K 100K 1 M 10M 100M 


FREQUENCY (Hz) 


Insertion Loss 

At low frequencies, the attenuation caused by the 
switch is a function of its ON-state resistance and the 
load impedance. They form a simple series voltage 
divider network. As an example, for a 600 n load im- 
pedance the insertion loss for voice signals (1 Vrms 
at 3 kHz) is less than 0.3 dB. Thus, the SD5000 
series make good telephone crosspoint switches. 

Speed 

Because the ON-state resistance and input capaci- 
tance are low, the DMOS switches are capable of 
subnanosecond switching speeds. At these speeds 
the external circuit rather than the FET itself is often 
responsible for the rise and fall times that can be ob- 
tained. Let’s consider the switching test circuit of 
Figure 26. At turn-on, the fall time observed at the 
drain is a function of Rq and of the input pulse ampli- 
tude and rise time. The sooner Cqs reaches Vj, the 
sooner turn-on will occur, and the lower the ros(on) 
reached, the faster Cps will be discharged. 

TO SCOPE +V D D 




Figure 25. SD5000 Crosstalk and OFF- 
Isolation vs Frequency 


Figure 26. Switching Test Circuit 
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The turn-off time (or the rise time of Vg ) is not as 
much limited by the velocity at which Cqs can be dis- 
charged by the gate control pulse, as it is by the time 
it takes to charge up Cos and Cdg via the load resis- 
tor Rl- Table 3 shows typical performance obtained. 
It is important to realize that stray capacitance and 
parasitic inductances as well as scope probe capaci- 
tance can seriously affect the rises and fall times 
(switching speed) . 


Table 3 Typical Switching Times 



Drivers 

The switch driver’s function is to translate logic con- 
trol levels, (either TTL, CMOS or ECL) into the appro- 
priate voltages needed at the gate so that the switch 
can be turned ON or OFF. 

The SD5200 operates as an inverter capable of driv- 
ing up to 30 V. This high voltage rating, together with 
its high speed, make it an ideal driver for the other 
members of the SD5000 family. Figure 27 shows this 
and several other driving methods. The Siliconix 
D169 is a convenient TTL compatible driver. 

Since switching times depend on the Cqs charge/dis- 
charge times, it is important to note that the driver’s 
current source/sink capability plays a very important 
roll in the process. 



-10 v 


* USED WITH OPEN COLLECTOR TTL (OPTIONAL) 
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Figure 27. Various DMOS Drivers 



Design Idea 

In a typical application, the circuit of Figure 28 is 
used to multiplex, sample, and hold two analog sig- 
nals at a 5-MHz rate. Two of the switches in an 
SD5000 are used as level shifter/drivers to provide 
the gate drive of the single-pole-double-throw ar- 
rangement formed by switches 3 and 4. Capacitors 
Cl and C2 provide charge injection compensation. 

Signal 1 is a 6-V, 156 kHz square wave. Signal 2 is a 
2-Vpp, 78-kHz alternating waveform with a dc offset 
of -3.4 V (Figure 29). 



Figure 29. The Two Analog Signals 
to be Sampled 


Figure 28. 5 MHz Multiplexer and Sample-and- 

Hold Circuit 
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Figure 30. Composite Sample and Hold 
Output Along with Gate 3 
Control Signal 


Figure 30 illustrates the resulting composite 
waveform present at the holding capacitor along with 
the gate 3 control signal. 

As can be seen, the switching times are about 15 ns, 
the acquisition time is 80 ns, and the holding time is 
about 90 ns. The total sample-and-hold cycle has 
taken 200 ns. Even though not maximized, this 
speed is faster than what any other presently avail- 
able (50 ns) analog switch products can achieve. 


Figure 32 shows a single-pole-single-throw configura- 
tion used to select one of two AM modulated 10-MHz 
signals. Figure 33 illustrates the two waveforms avail- 
able at the output. Table 4 contains typical values of 
crosstalk and off-isolation attainable with this configu- 
ration. 



KP1M ETffiTfcl 




Figure 31 . Gate Control Signals for the 
SPDT Switch Configuration 

The timing and amplitude of gate 3 and gate 4 con- 
trol-signals can be examined in Figure 31. 


Figure 32. High Frequency SPDT Switch 


Table 4 SPDT Switch Performance 
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SCALES- 


VERT: IV/div 
HOR: 20jJs/div 


Figure 33. Two 10 MHz AM Modulated 
Outputs for the SPDT Switch 
of Figure 28 
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SUBNANOSECOND SWITCHING 
WITH DMOS FETS 


Ed Oxner 

Despite the popularity of gallium arsenide devices for 
high frequency applications, the silicon double-dif- 
fused MOSFET is easily capable of subnanosecond 
switching. This note descrioes limitations once attrib- 
uted to high-speed DMOS switching and offers a 
novel driver that makes subnanosecond switching 
possible with Siliconix DMOS FETs. 

All majority-carrier transistors have fast switching 
times, especially when their interelectrode (parasitic) 
capacitances are low. Both turn-on and turn-off times 
are controlled by the application or removal of gate 
charge. Knowing this, it seems small-signal DMOS 
FETs should switch off at a speed very nearly equal 
to turn-on. The fact is that they do, but only under 
the proper conditions. 


Table 1. Small Signal Capacitances 



TYP 

(PF) 

MAX 

(PF) 

Gate Node C ( GS + gd + gb) 

2.5 

3.5 

Drain NodeC (qd + db) 

1.1 

1.5 

Source Node C (q G + ggj 

3.7 

5.5 

Reverse Transfer C DG 

0.2 

0.5 


Table 1 shows capacitance characteristics for the 
SD210DE series from their data sheets. The charac- 
teristics of the SD211 and SD5000 are nearly identi- 
cal. 

The original data sheets also included the switching 
characteristics offered at various drain voltages 


(Vdd) and load resistances (Rl), as shown in Ta- 
ble 2. 

The Probiem 

The data sheet values for toFF are much too high. If 
DMOS turn-off and turn-on times are essentially 
equal, the measured toFF can only be a circuit prob- 
lem. 

Before this problem can be dealt with, switching pa- 
rameters must be defined. This may be done using 
the switching waveform shown in Figure 1 as a guide. 
Notice that the turn-on time parameters are meas- 
ured from the input’s 50% point, similar to the defini- 
tion in digital circuitry. However, the turn-off time pa- 
rameters are measured from the input voltage’s 90% 
point. 



Figure 1. Typical Switching Waveform 


Table 2. Switching Characteristics 


V DD 

Rl 

(a) 

td(ON) 

(ns) 

tr 

(ns) 

‘off 1 

(ns) 

5 

680 

0.6 

0.7 

9.0 

10 

680 

0.7 

0.8 

9.0 

15 

1 K 

0.9 

1.0 

14.0 


1 


The value for t 0 FF shown is that defined by the original data sheet. 
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To confirm that toFF is a circuit-related problem, use 
the data sheet’s test circuit (see Figure 2). 


V DD 



Figure 2. Switching Time Test Circuit 

For V DD = 10 V; R L = 680 n. Let t r for the SD210DE 
be ~0.8 ns and tf for the circuit 2 be ~9.0 ns. For 
the external circuit, tf is merely the difference, 
~8.2 ns. 


The traditional time-constant equation is 

t = 2.2 x R x C (1) 

Substituting known quantities into this equation yields 


t = 2.2 x 680 x C = 8.2E-9 

Solving for C yields C = 5.48 pF 

To achieve a tf of 8.2 ns requires approximately 5.48 
pF of capacitance in the drain circuit. 

First, consider stray and parasitic capacitances in the 
circuit layout and in the instrumentation. These can 
be itemized as 


Drain-node capacitance is a complex function of both 
the reverse transfer characteristics of the FET (— b 21 ) 
and the movement of the drain-depletion region. The 
drain-node capacitance is best defined using 

Cdrain-node = Cdg(A/ + 1) (2) 

where 

Ay = 9f s x R l (3) 

The operating drain current is calculated from ohm’s 
law: 


For values offered in Table 2, Id = 15 mA, forVoD = 
10 V (with R[_= 680H) and Vqd = 15 V (with R[_= 

1 kn). 

At an Ip of 15 mA, the forward transconductance 
(9fs) has been determined, from Figure 3, to be 
nominally 10.8 mS. Knowing the transconductance 
and load resistance, the drain-node capacitance can 
be calculated using Equations (2) and (3). 



12 10 20 100 

Id (mA) 

Figure 3. Effect of Drain Current on 
T ransconductance 


C stray = 0.5 pF 
C of R l = 1 .0 pF 
C scope = 2.0 pF 
- 3.5 pF 


Using Equations (2) and (3) as described, if Rl = 
680 a , A v = 7.34, and if R L = 1 kn, A v = 10.8. 
Assume, in this case, thatCpG is 0.23 pF. The nomi- 
nal contribution (forRL = 680 n and Ay = 7.34) would 
be 


Cdrain-node = (0.23 E-12) (7.34 + 1) 



Add the drain-node capacitance to the total capaci- Cdrain-node = 1 .92 pF 

tance, but do not use the value from the data sheet. 


2 


This is the correct switching terminology. What the original data sheet identifies as t 0 FF is really tf . 
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Add this 1 .92 pF to the calculated stray capacitances 
(3.5 pF) for a total of 5.42 pF. This agrees closely 
with the calculated value for drain-circuit capacitance 
(5.48 pF). 

This analysis can now be applied to the 1-kH load. 
From Table 2, for Rl = 1 kfl, toFF - t r = 13.0 ns. 

The stray capacitances, aside from the drain-node 
capacitance, remain at 3.5 pF. The drain-node ca- 
pacitance, as before, depends upon the reverse 
transfer characteristics. 

To calculate the drain-node capacitance, use Equa- 
tion (2), first calculating the voltage gain (Ay) using 
Equation (3). 

For Rl = 1 kn and Ay = 10.8, 

Cdrah-node = (0.23 E-12) (10.8 + 1) 
Cdrain-node = 2.71 pF 


The total drain capacitance is 3.5 pF + 2.71 pF or 
6.21 pF. Use this to calculate the switching time, tf, 
from Equation (1). 

t = 2.2 x 1000 x 6.21 E-12 

t = 13.7 ns 

This is reasonably close to 14 ns, the value shown in 
Table 2. 

The Solution 

First, the test circuit shown in Figure 2 was modified 
to remove the effects of scope-probe capacitance 
(see Figure 4 for the modified circuit). As Rl was 
varied and tf was monitored, the equivalent external 
capacitance was calculated using Equation (1) and 
the tf scope plots (Figures 5-8). Table 3 displays the 
results. 



Figure 4. Switching Speed Test Monitor 



5 ns/div 
Figure 5. 



1 ns/div 
Figure 6. 
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Figure 7. Fall Time for R L = 271 SI 

Using Table 3’s data, compute the capacitance using 
Equations (2) and (3). The results, shown in Table 4, 
become the new drain-node capacitance, replacing 
that originally offered in Table 1 . 

Estimating stray drain-circuit capacitance for the 
modified switching-speed test monitor in Figure 4 
yields 2.5 pF. Add the calculated drain-node capaci- 
tance (Cdn from Table 4). This calculated value for 
total capacitance closely agrees with C (equiv) from 
Table 3; furthermore, tf agrees remarkably well with 
that measured, as shown in Table 5. 


LPD-1 1 



Figure 8. Fall Time for R L = 151 SI 


Table 4. 

Switching Characteristics, 
Featuring New Drain-Node Capacity 


V DD 

(V) 

Rl 

{SI) 

■d* 

(mA) 

9fs** 

(mS) 

C DN 

(PF) 

10 

671 

15 

10.8 

1.90 

10 

481 

27 

11.2 

1.47 

10 

271 

37 

12.0 

0.978 

10 

151 

66 

12.5 

0.665 


* pulsed drain current 

* * from Figure 3 


Table 3. 

Calculated External Equivalent Capacitance 


V DD 

(V) 

Rl 

(SI) 

^ (equiv) 

(PF) 

10 

671 

4.4 

10 

481 

4.0 

10 

271 

3.54 

10 

151 

3.13 


Table 5. 


Switching Characteristics, 

Featuring Calculated and Measured Times 


V DD 

(V) 

Rl 

{SI) 

C T 

(PF) 

t f (calc) 
(ns) 

t f (meas) 
(ns) 

10 

671 

4.4 

6.5 

6.5 

10 

481 

3.97 

4.2 

4.32 

10 

271 

3.48 

2.07 

2.11 

10 

151 

3.16 

1.05 

1.04 
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These switching time data are graphed in Figure 9, 
extrapolated to show the switching time at a drain 
load of 51 n. 



0 1 2 3 4 5 6 7 

tf (ns) 

Figure 9. Fall times, Calculated and Measured 

These results make it clear that turn-off is affected 
principally by circuit-related parameters. DMOS itself 
switches extremely fast, but the driver’s and the cir- 
cuit’s effectiveness slow it down. 

Driving the DMOS FET Fast 

DMOS properties suggest that its devices can switch 
fast, and the preceding analysis confirms that they 
can. However, the question of how to attain these 
speeds remains. The answer lies in controlling the 
circuit parameters that surround the DMOS FET. The 
small-signal DMOS FET has low interelectrode ca- 
pacitances. Switching involves charge transfer; the 
lower the value of capacity, the lower the charge 
transferred. For example, the current required to 
charge a capacitor is 



CT'Siliconix 

JLw incorporated 

where 

C is the capacitance in Farads 

dV is the final voltage desired 

dt is the switching time in seconds 

Thus, to get the DMOS FET to switch fast, not only 
must the gate drive voltage have quick rise and fall 
times, but it must also have sufficient current drive to 
charge and discharge the gate. 

Achieving a High-Speed Pulse 

The step-recovery (or “snap”) diode is a varactor 
diode with the normal ability to accumulate minority 
carriers during forward conduction, but with the 
unique ability of nearly instantaneous "snap,” recov- 
ery. Under proper constraints this snap characteris- 
tic generates a very rapid, high-amplitude voltage 
spike. Selecting the snap-recovery diode involves 
two parameters: the minority carrier lifetime, which 
sets the lower input frequency, and the voltage 
breakdown of the diode, which must be sufficiently 
higher than the desired output pulse. 

The simplest form of pulse shaping is shown in Figure 
10. Capacitors Cl and C3 provide dc isolation. The 
snap-recovery diode (D1), in conjunction with LI, 
causes the rapid rise time. Current through the diode 
is derived from the bias supply (-V1) and R2. Figure 
1 1 offers three views of the sequence of events that 
generates the fast voltage pulse. Region 1 is the 
charge-storage phase when the input signal current 
(the input of Figure 10) is zero. By virtue of the bias, 
the current through the diode stores charge in its 
junction. During this phase, the diode is a low-imped- 
ance shunt to ground. In Region 2, the input signal 
current is opposite in polarity and greater in magni- 
tude than the bias current (limited by R2). This re- 
moves charge from the diode. Until all the charge is 
removed, the diode still appears as a low-impedance 
shunt. At the instant all charge is removed, the diode 
makes an almost instant transition (snaps) into Re- 
gion 3. The abrupt cessation of signal current 
through LI immediately results in a swift voltage 
spike. This spike becomes the leading edge of the 
output pulse. 
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R1 = 51 XL 
R2 = 510 XI 
R3 = 510 XL 
R4 = 51 XL 
Cl = 0.1 siF 
C2 = 1.5 - 10 pF 
C3 = 0.1 iiF 
LI = 0.68 j_lH 
D1 = HP5082-0815 
D2 = HP5082-0815 


-VI -V2 



Figure 10. Nano-Second Pulser 



Similarly, D2 sharpens the trailing edge of the output 
pulse. Bias (-V2) maintains D2 in conduction-a low- 
resistance path to the output port. The voltage pulse, 
having a polarity opposite to the bias current and suf- 
ficient energy to overcome it, causes D2 to snap. 
This abrupt transition not only sharpens the fall time 
but also improves the rise time. 

Selecting R2 and R3 dictates the shunting of the driv- 
ing signal, based on the nominal 50-H input imped- 
ance. 


Capacitance C2, in shunt with LI, helps to improve 
the shape of the resulting output voltage pulse. Stray 
parasitic capacitances and inductances are critical 
aspects of any super-speed pulser. Leading-edge 
overshoot, shown in Figure 12, is generally attributed 
to series L di/dt effects, whereas rise time is often 
the result of shunting parasitic capacitance. Conse- 
quently, the pulser’s design must maintain the char- 
acteristic impedance and must match to discrete 
components. For optimum performance, use lead- 
less chip capacitors and resistors with minimal lead 
lengths. Likewise, the step-recovery diodes must 
have extremely small parasitic package inductance. 

To achieve the +10-V output pulse sufficient to drive 
DMOS fully on, the driving signal needs to source 
considerable current — far more than the typical 
function generator can produce. A suitable driver, 
shown schematically in Figure 13, provides the nec- 
essary current. Impedance mismatch between the 
driver and the pulser required an impedance-control- 
ling resistor in the pulser’s input stage (see Figure 
10 ). 



Figure 12. Effects of Parasitic Elements 
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Figure 13. Driver Circuit 


>50 ns RISE & FALL TIMES 



Figure 14. Block Diagram of the High-Speed Switch 


1 ns RISE & FALL TIMES 



1 ns/div 
Figure 15. 


Figure 14 is a block diagram of the complete high- 
speed switch capable of 1-ns turn-on and turn-off 
speeds. The transition time (between the initiating 
pulse that triggers the pulser and the resulting switch 
action) is 30 ns. 


Conclusions 

Figure 15 shows that fast switching action is possible. 
Note the positive gating pulse from the step-recovery 
diode pulser and the resulting switching of the DMOS 
FET. For a 150-fl DMOS load resistor, the turn-off 
time3 nearly matches that derived earlier (see Fig- 
ure 9): 1 ns. 


^ To observe these rise and fall times requires an oscilloscope with a bandwidth of at least 500 MHz. 
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HIGH-SPEED DEPLETION-MODE DMOS FET 
FOR SMALL-SIGNAL APPLICATIONS 

Alan Pritchard 
July 1988 


The SD2100 is an ultra high-speed n-channel 
depletion-mode lateral DMOS transistor geared for 
small-signal applications. This device boasts high- 
performance characteristics, produced by the 
Siliconix DMOS construction, which include: 

® turn-on speeds of less than 1 ns 
o low reverse-transfer capacitance of less than 
2.5 pF 

o high-frequency transconductance greater than 
10 mS 

o wide dynamic range 
® low distortion 

Figures 1 and 2 show idealized cross sections of the 
normally on depletion-mode and the normally off en- 
hancement-mode devices. Because these device 


structures are similar, the device characteristics are 
also similar. In fact, the depletion-mode device may 
be thought of as an enhancement-mode device with 
a negative threshold voltage. 

Unlike the enhancement-mode devices, such as the 
SD210DE whose drain current falls to zero when the 
gate-to-source voltage equals zero, the SD2100 has 
appreciable current at zero gate signal. In fact, the 
drain-to-source resistance is typically 100 fl when 
Vqs = 0 V. As shown in Figure 3, the on-resistance 
( r DS(on) ) versus analog signal range is an almost flat 
response. This characteristic coupled with the low 
capacitance values of the device make the SD2100 
particularly suitable as an analog switch for audio and 
video switching applications. 



Figure 1 . Depletion-Mode Device Cross Section 
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Figure 2. Enhancement-Mode Device Cross Section 


200 


r DS(ON) 10Q 

(SI) 


A = 92 SI 

B = 100 SI 

A 

B 




-500 0 500 

ANALOG SIGNAL RANGE (mV) 


Figure 3. SD2100 On-Resistance vs. Analog Signal Range 


Cjn ~ Cgs + Cdg (1 + | A v| ) (2) 

where 


C gs = gate-source capacitance 
Cdg = feedback capacitance 


It is evident that the gain-bandwidth product is largely 
dependent on the device gain and the feedback 
capacitance. If typical values for the SD2100 are 
substituted in Equation 1 , including the low feedback 
capacitance of 2.5 pF, the gain bandwidth product is 
found to be greater than 400 MHz, a useful value in 
VHF and UHF operation. 


The high-frequency gain of the device, along with its 
low capacitance values, produce a high figure of 
merit. An important factor in VHF and UHF amplifica- 
tion, figure of merit defines the gain bandwidth prod- 
uct (GBW) of the device, which may be expressed 
as 


GBW = 


9_fs 

2 77 ( Cj n + C ou t) 


(D 


For a common-source configured amplifier, Cj n is the 
short-circuit input (Miller) capacitance 


The high figure of merit is also reflected in the 
nanosecond turn-on times which allow the SD2100 to 
be used in applications which are normally monopo- 
lized by gallium arsenide devices. Turn-on times are 
important in applications such as sync-pulse genera- 
tion for high-definition video systems, signal routing 
for high-speed digital video recording where data 
rates of greater than 100M bits/s are possible, and 
outside broadcasting systems where signal switching 
is required during blanking periods. Figure 4 shows a 
high-performance video do restorer. In these appli- 
cations, the low distortion characteristics are 
important. 
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Additionally, the SD2100 is useful in applications 
which require both low charge injection and high 
switching speeds. For example, a deglitch circuit for 
the output of a high-speed digital-to-analog (D/A) 
converter, such as those found in video waveform 
generators, can take advantage of the SD2100’s high 
speed, low capacitance, and low distortion. 

Glitches at the D/A converter output, as shown in Fig- 
ure 5, are generated during the switching transition 
times when time skews allow incoming and previous 
data to overlap. The worst-case occurrence is at 


MSB (most significant bit) switching (e.g., from 
01111111 to 10000000). 


A deglitch circuit effectively forms a sample-and-hold 
function which samples the output sometime after it 
has settled. As D/A converter performance im- 
proves, settling times approaching 10 ns have 
become possible; therefore, fast switching, low 
capacitance sample-and-hold circuits, such as the 
one shown in Figure 6 using the SD2100, are 
required. 


DAC Output With Time Skewed Glitches 



Ideal DAC Output 




Figure 5. The Effect of Time Skew Glitches at the D/A Converter Output 
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Charge injection is reduced by complementary drive to Q1 and to Q2 which acts as a “dummy” capacitor. 
Figure 6. Deglitched D/A Converter Using 2 x SD2100 


Another advantage of the depletion-mode or nor- 
mally on characteristic of this device makes the 
SD2100 useful for single-device current regulators. 
This type of circuit, usually associated with junction 
FETs, is shown in Figure 7. The value for Rs can be 
calculated from 

R s _ V GS(off) [1 ~ (Ip/lpSS) 1/2 ] ^ 

Id 

Where lg is the required value of regulated current. 

The major advantage of depletion-mode MOSFETs in 
current-source circuits is their low drain capacitance, 
which makes them suitable for biasing applications in 
low-input-leakage, medium-speed (>50 V/jis) cir- 
cuits,. 

In general, each side of the M440 (high speed dual 
JFET) will be biased at Ip = 500 jxA. Thus, the cur- 
rent available for charge compensation and stray ca- 
pacitances is limited to 2 xlp or, in this case, 
1.0 mA. The M440 matching characteristics are pro- 
duction tested and guaranteed on the data sheet. 

Cs represents output capacitance of the input stage 
“tail” current source. This capacitance is important 
in non-inverting amplifiers because the input stage 
undergoes considerable signal excursions in this con- 
nection, and the charging currents in Cs may be 
large. When using standard current sources, this tail 
capacitance may be responsible for marked slew- 
rate degradation in non-inverting applications as op- 
posed to inverting applications where the charging 
currents in Cs are very small. 


+v s +v s 



Cq reduces the maximum current swing available to charge 
C c , thus reducing the slew rate. 

Figure 7. Low Bias Current Differential Front-End 

The slew-rate reduction may be shown as 


1 +(C S /C c ) 


As long asCs is small compared toC c (the compen- 
sation capacitor), little change in slew rate occurs. 
Using an SD2100, Cs is on the order of 2 pF. This 
approach yields a significant slew rate improvement. 


9-110 




Clf SiKconix 

JLM incorporated 


LPD-12 


Further applications result when currents greater 
than loss (1 to 5 mA) are required. The SD2100 may 
be biased into the enhancement mode to produce up 
to 20 mA for a Vqs of +2.5 V maximum. Low output 
capacitance remains a major feature. Figure 8 shows 
a suitable enhancement-mode current source. 


v £ 5 v 



Figure 8. Enhancement-Mode Current Source 

A final advantage of a normally on analog switch is 
that it may be constructed for applications where a 
default condition is required at supply failure, such as 
for automatic ranging of test equipment or for guar- 
anteeing correct initialization of logic circuits at start 
up. 

The low negative threshold voltage of the device 
gives simple drive requirements and allows low volt- 
age operation. Figure 9 shows the typical bias 
conditions for a depletion-mode SD2100. 

To turn the device off, a negative voltage is required 
on the gate. However, the on-resistance can be re- 
duced if the device is further enhanced with a posi- 
tive gate potential, allowing the SD2100 to be used in 



-5 v 


Figure 9. Normally On Analog Switch 

the enhancement-mode region as well as in the de- 
pletion-mode region. This effect is shown in 
Figure 10. 



V DS (V) 

Figure 10. SD2100 Current vs. Drain-to-Source Voltage 


The SD2100 is an easy-to-use, cost-effective device 
that is suitable for a wide range of high-speed appli- 
cations. To improve the flexibility and high-frequency 
performance, Siliconix now offers the SST2100 which 
is housed in a SOT-143 surface-mount package. 
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DMOS - UNDERSTANDING THE BODY EFFECT 


Ed Oxner 

The body effect is a common problem with many 
DMOS components. To avoid the unexpected per- 
formance degradation it can cause, designers should 
he aware of this effect and its consequences. 

DMOS, like all MOS products, and quite unlike the 
JFET, is a four-terminal structure. The terminals are 
the source, drain, gate, and the body or structure. 
Many MOSFETs, FETIingtons in particular, have the 
body electrically bridged to the source. In small- 
signal DMOS components, however, the body is 
frequently available as a separate connection. 

Often, the body is simply tied to the source. While 
this is a perfectly acceptable solution for many appli- 
cations, there are exceptions. For example, consider 
a Zener-gate protected DMOS, such as the 
SD211DE, used as an analog switch. Under no cir- 
cumstances may the Zener be forward-biased; con- 
sequently, the gate must never be more negative 
than the body/substrate. Yet, to ensure an off condi- 
tion, the gate-to-source potential must be less than 
the threshold voltage. If the analog signal being 
switched swings negative, the gate must be more 
negative to maintain proper control. The body must, 
in turn, be more negative than the gate to prevent 
forward-biasing of the Zener. 


SOURCE GATE DRAIN 



BODY 


Figure 1 . Cross-Sectional View of 

Enhancement-mode DMOS 


Examine the cross-sectional view of a DMOS FET of- 
fered in Figure 1 . The substrate/body of this en- 
hancement-mode, n-channel DMOS is p-doped sili- 
con. but a positive gate voltage inverts the p-region 
beneath the gate. The resulting channel, spanning 
the n-doped source and the n-doped drain, is 
bounded by oxide above and p-doped silicon below. 
During conduction, this n-enhanced channel bounded 
by the p-doped substrate resembles that of an n- 
channel JFET. Figure 2 offers an idealized compari- 
son. 


DMOS 

SOURCE GATE DRAIN 


CHANNEL 
✓ 


: n • ■ : 

n 

\““l 

/: n ; 

^ J 

PSEUDO-GATE 



P 

SUBSTRATE/BODY 


BODY 

JFET 


SOURCE GATE DRAIN 



CHANNEL 


Figure 2. Comparing the DMOS Channel 
to the JFET Channel 


Together, the n-enhanced channel and the p-doped 
substrate/body form a diode; the p-substrate is the 
anode and the inverted region is the cathode. Diode 
conduction occurs whenever the forward bias ex- 
ceeds the barrier potential, which for a silicon p-n 
junction is nominally 0.55 V. 
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0 10 20 
VdB (V) 

Figure 3. Leakage current vs. voltage 


This channel-substrate diode is the key to the body 
effect. Figure 3 identifies its reverse leakage. As with 
any diode, some nominal leakage occurs until re- 
verse breakdown is reached and the current rises 
dramatically. Especially dramatic, though, is the ap- 
parent low breakdown voltage evident in Figure 3. 
When the nominal drain/body potential passes 10 V, 


an abrupt increase in body current results: the body 
effect. 

Returning to the analog switch scenario: If the body is 
biased negatively to where the drain-body voltage 
approaches 10 V (as per Figure 3), substantial chan- 
nel-body current flow. Among other observable prob- 
lems, this will strongly offset the analog voltage being 
switched (I Body RLoad)- 

This problem is not limited to the analog switch sce- 
nario. Any application (with or without a Zener gate 
diode) where the drain-to-substrate potential ex- 
ceeds 10 V may result in undue drain-substrate cur- 
rent flow. 

In addition to this current flow effect, there are other 
body-related phenomena to be considered. Thresh- 
old voltage and on resistance both rise quite dramati- 
cally as the source-body voltage increases. For more 
information on these effects, see Application Note 
LPD-10. 

In conclusion, generally a good rule of thumb is to tie 
the substrate/body terminal to the most negative 
voltage that the DMOS will experience (including the 
gate potential). Under no circumstances should the 
substrate float as carrier-induced charges will lead to 
threshold and on-state instabilities. 
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DESIGNING FET BALANCED MIXERS FOR 
HIGH DYNAMIC RANGE 


Ed Oxner 

Central Applications 

SECTION 1: FETS IN SINGLE 
BALANCED MIXERS 

INTRODUCTION 

When high-performance, high-frequency junction 
field-effect transistors (JFETs) are used in the design 
of active balanced mixers, the resulting FET mixer 
circuit demonstrates clearly superior characteristics 
when compared to its popular passive counterpart 
employing hot-carrier diodes. Comparison of several 
types of mixers is made in Table I. The advantages 
and disadvantages of semiconductor devices cur- 
rently used in various mixer circuits are shown in 
Table II. 


Table 1 


Characteristic 

MIXER TYPE 

Single-Ended 

Single 

Balanced 

Double 

Balanced 

Bandwidth 

Several 

decades 

possible 

Decade 

Decade 

Relative 1M 
Density 

1.0 

0.5 

0.25 

Interport 

Isolation 

Little 

10-20 dB 

>30 dB 

Relative 

L. O. Power 

0 dB 

+3 dB 

+6 dB 


Why an Active Mixer? 

Active mixing suggests high-level mixing capability. 
High level mixing in turn infers that active mixers out- 
perform passive mixer circuits in terms of wide 
dynamic range and large-signal handling capability. 
Additionally, the active mixer offers improved con- 
version efficiency over the passive mixer, permitting 
relaxation of the IF amplifier gain requirements and 
even possible elimination of the customary RF 
amplifier front end. 


Initial evaluation of the active FET mixer will imply a 
disadvantage because of local oscillator drive 
requirements; bipolar devices in low-level mixers re- 
quire very little drive power. However, in high-level 
mixing this disadvantage is overcome in that drive 
requirements at such mixing levels are generally the 
same, no matter whether bipolar or FET devices are 
used. 


Table 2 


DEVICE 

ADVANTAGES 

DISADVANTAGES 

Bipolar 

Transistor 

Low Noise Figure 

High Gain 

Low D.C. Power 

High IM 

Easy Overload 

Subject to Burnout 

Diode 

Low Noise Figure 

High Power Handling 

High Burn-out Level 

High L. O. Drive 
Interface to I.F. 
Conversion Loss 

JFET 

Low Noise Figure 

Conversion Gain 

Excellent IM products 

Square Law Characteristic 
Excellent Overload 

High Burn-out Level 

Optimum Conversion 
Gain Not Possible at 
Optimum Square 

Law Response 

High Lo Power 

Dual-Gate 
MOS FET 

Low IM Distortion 

AGC 

Squre Law Characteristic 

High Noise Figure 

Poor Burnout Level 


Why FETs for Balanced Mixers? 

The performance priorities of modern communication 
systems have stringent requirements for wide dy- 
namic range, suppression of intermodulation prod- 
ucts, and the effects of cross-modulation. All of the 
foregoing parameters must be considered before 
noise figure and gain are taken into account. 

Since FETs have inherent transfer characteristics 
approximating a square-law response, their third- 
order intermodulation distortion products are gener- 
ally much smaller than those of bipolar transistors. 
Harmonic distortion and cross-modulation effects are 
third-order-dependent, and thus are greatly reduced 
when FETs are used in active balanced mixers. 

A secondary advantage derives from available 
conversion gain, so that the FET mixer becomes si- 
multaneously equivalent to both a demodulator and a 
preamplifier. 
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First Order Balanced Mixer Theory 

Essential details of balanced mixer operation, 
including signal conversion and local oscillator noise 
rejection, are best illustrated by signal flow vector 
diagrams (Figure 1). 




Figure 1 . Signal and Noise Vectors 


Energy conversion into the intermediate frequency 
(IF) pass-band is the major concern in mixer opera- 
tion. In the following analysis, both the signal and 
noise vectors are shown progressing (rotating) at the 
IF rate (coift) ; the resulting wave occurs through 
vector addition. 

The analysis of local oscillator noise rejection (Figure 
1) assumes, for simplicity of explanation, that noise 
is coherent. Thus at some point in time (ti) the noise 
component (e n ) is “in phase” with the local oscillator 
vector (e| 0 ) and FET "A” (the rectifying element) is 
ON; the JFET mixer acts as a switch, with the local 
oscillator acting as the switch drive signal. One-half 
cycle later, at time t 2 , the signal flow is reversed for 


LPD-14 


both the local oscillator vector and the noise 
component, FET “A” is OFF and FET “B” is ON. 
Moving ahead an additional one-half of the IF cycle, 
FET “A” is again ON, but the noise component has 
advanced 180° (coift) through the coupling structure, 
and is now “out of phase”. The process continually 
repeats itself. 

The end result of this averaging (detection) is the 
cancellation of the noise which originated in the local 
oscillator, providing that the mixer balance is 
precise 1 . 

The analysis of the conversion of the signal to the IF 
pass-band is similar, but the signal is injected into the 
coupling structure at the equipotential tap. Thus at 
time t 2 , the signal vector (e s ) is “out of phase” with 
the local oscillator vector, e| 0 . The resulting enve- 
lope develops a cyclic progression at the IF rate, 
since the signal is “demodulated” by the mixing 
action of the FETs. 

A schematic of a prototype balanced mixer is shown 
in Figure 2. Design criteria, in order of priority, 
include the following: 

1 . Intermodulation and Cross-Modulation 

2. Conversion Gain 

3. Noise Figure 

4. Selecting the Proper FET 

5. Local Oscillator Injection 

6. Designing the Input Transformer 

7. Designing the IF Network 

Intermodulation and Cross-Modulation 


A basic aim in mixer design is to avoid the effects of 
intermodulation product distortion and cross-modula- 
tion. Part of the problem may be resolved by using a 
balanced mixer circuit. 


The active transfer function of the FET is represented 
by a voltage-controlled current source. For both 
cross-modulation and intermodulation, the amount of 
distortion is proportional to the amplitude of the gate- 
source voltage. Since input power is proportional to 
input voltage, and inversely proportional to input 
impedance, the best FET IM and cross-modulation 
performance is obtained in the common-gate 
configuration where the impedance is lowest 2 . 
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Figure 2. Prototype Active Balanced Mixer 


When JFETs are used as active mixer elements, it is 
important that the devices be operated in their 
square-law region. Operation in the FET square-law 
region will occur with the device in the depletion 
mode. Considerable distortion will result if the FET is 
operated in the enhancement mode (positive, for an 
n-channel FET); by analogy, the problems encoun- 
tered are similar to those which arise when positive 
drive is placed on the grid of a vacuum tube. 

Square-law region operation emphasizes the impor- 
tance of establishing proper drive levels for both qui- 
escent bias and the local oscillator. The maximum 
conversion transconductance, 9c , is achieved at 
about 80% of the FET gate cutoff voltage, VQS( 0 ff), 
and amounts to about 25% of the forward transcon- 
ductance, 9fs, of the FET when used as an amplifier. 
Since conversion gain (or loss) must be considered, 
it is common to equate voltage gain Ay, as: 

A v =9cR L (1) 


where 9 c is the conversion transconductance and Rl 
is the FET drain load. 

An attempt to achieve maximum conversion gain by 
indiscriminately increasing the drain load resistance 
will adversely affect any design priority concerning 
distortion - particularly intermodulation product 
distortion. 

Distortion takes different forms in mixers. Most obvi- 
ous is that distortion which will occur if the FET is 
driven into the enhancement mode, as noted earlier. 


A more pernicious form is drain load distortion. And 
finally, there is the so-called “varactor effect.” 

The most frequent cause of poor mixer performance 
stems from signal overloading in the drain circuit. 
Excessive drain load impedance degrades the inter- 
modulation characteristics and produces unwanted 
cross-modulation signals 3 . A characteristic of the 
FET balanced mixer is that the correct drain load im- 
pedance is inversely proportional to the value of the 
conversion transconductance. Figure 3 shows the 
improvement in the IM characteristics obtained in the 
prototype mixer with the drain load impedance 
reduced to 1700 n from 5000 fl. Specifically, the 
dynamic load line must be plotted so that the signal 
peaks of the instantaneous peak-to-peak output 
voltage are not permitted to enter into the non-satu- 
rated (“triode”) region of the FET. Suitable and 
unsuitable drain load lines are shown in Figure 4. 
Load impedance selection is quantified in Equations 
21 through 23. 

Distortion from the “varactor effect” is of secondary 
importance, and arises from an excessive peak 
voltage signal swing, where the changing drain-to- 
source voltage can cause a change in parasitic 
capacitance, C rss , and give rise to harmonics 4 . A 
FET tends to be voltage-dependent when the drain 
voltage falls appreciable below 6 volts. If the source 
voltage (from the power supply) is also low and the 
drain load impedance in high, then distortion will 
develop. However, if proper steps are taken to 
prevent drain load distortion, the varactor effect will 
also be inhibited. 
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Figure 3. Comparison of Mixer IM Characteristics 


Triode 



where wi = the intermediate frequency and cor = the 
signal frequency. 

The effects of time-varying local oscillator voltage, 
V 2 , and the much smaller signal voltage, Vi , must be 
considered: 

Vgs = Vi cos CO 1 1 + V2 cos co 2 t (4) 

For square law operation 

V 2 + V G s < V G s( 0 ff) ( 5 ) 

Drain current is approximately defined by 


>D = Idss 


n 2 

Vgs 

VGS(off)_ 


Id « 


gfso v GS(off) 


[- 


V QS 


v GS(off)J 


Id 


Q fso 

2 V GS ( 0 ff) 


r T 

V G s(off)- V gs 


( 6 ) 


(7) 


( 8 ) 


then 


Id 


9 fso 

2 V GS ( 0 ff) 


(complex Taylor expansion) 


( 9 ) 


which can be reduced 


Figure 4. Plotting Drain Load Lines 


lD(IF) ^ 


9 fso 

2 V G s( 0 ff) 


Vi V 2 cos(coi - C02) t 


( 10 ) 


and the conversion transductance is 


Conversion Gain 


9c = 


0 fso 

2 V G s (off ) 


IV 2 l 


(ID 


In a FET, forward transconductance is defined 
as 


Ofs - 


dip 

dVgs 


( 2 ) 


and conversion transconductance is defined as 


d I p ( co i ) 
d Vg S ( co r) 


( 3 ) 


Equation 11 suggests that g c increases without limit 
asV 2 increases without limit. However, to avoid op- 
eration of the FET in the “triode" region, the peak-to- 
peak swing ofV 2 should not exceed V G s( 0 ff)- 
Thus 

2 V 2 peak < V GS ( 0 ff) (12) 

or 

V 2 peak < (13) 
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v GO /v GS(off) 


Figure 5. Normalized g c /g f vs.V GS /V GS / off ) 

(from “FET RF Mixer Design Technique", 
S.P. Kwok, WESCON Convention Record 
(1970) 8/1, p.2.) Used with Permission 


power-match source admittance, Qigs, which closely 
matches the output admittance of the coupling trans- 
former. In the common-gate configuration, match 
points for optimum power gain and noise do not oc- 
cur at the same value of generator resistance (Figure 
6). Optimum noise match can only be achieved at 
the sacrifice of bandwidth. 

How to Select the Proper FET 

Conversion efficiency is determined by conversion 
transconductance, 9 C , which in turn is directly 
related to such FET parameters are zero-bias satura- 
tion current, loss, and the gate cutoff voltage, 
VGS(off)): 

< 14 > 


9 fso 


2 V G s(off) 


IV 2 l 


( 15 ) 


Figure 5 shows plots of normalized conversion 
transconductance, 9 c /9fs versus normalized quies- 
cent bias, Vqs /VQS(off) > for different oscillator 
injections. 

Noise Figure 

Like the common-gate FET amplifier, the common- 
gate FET balanced mixer is sensitive to generator 
resistance, R g 5 . A change of a decade inR g can 
produce a noise figure variation of as much as 3 dB. 



Generator Resistance (XT) 


Figure 6. Power Gain and Noise Matching 

In the design of the prototype FET active balanced 
mixer, the generator resistance of the FETs is 
established by the hybrid coupling transformer. Two 
important criteria for the FETs in the circuit are high 
forward transconductance, and a value of 


Equation 14 appears to indicate that FETs with high 
loss are to be preferred. However, loss andV G s(off) 
are related, and Figures 7a and 7b show that devices 
from a family selected for high loss do not provide 
high conversion transconductance, but actually 
produce a lower value of 9 C . 



I DS s (mA) 



3 5 10 20 30 40 

I DSS ( mA ) 

Figure 7. Relationship of I DS s andV GS ( 0ff) 
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Best mixer performance is achieved with “matched 
pairs” of JFETs. Basic considerations in selecting 
FETs for this application are gate cutoff voltage, 
VGS(off). f° r good conversion transconductance, and 
zero-bias saturation current, Idss. for dynamic 
range. A match to 10% is generally adequate. 
Among currently available devices, the Siliconix U310 
and the dual U431 offer excellent performance in 
both categories; common-gate forward transconduc- 
tance is 14,000 mmhos typical at Vds = 10 V, 
Id = 10 mA, and f = 1 kHz. 

Criteria for FET Selection 

In balanced mixers using FETs, conversion efficiency 
of the devices is determined by conversion transcon- 
ductance, g c , which in turn is directly related to such 
FET operating parameters as zero-bias drain current, 
loss, and gate cutoff voltage, Vos(off)- 
It can be shown that 


Idss 

2 V G s(off) 2 


V 2 


g fso 

2 V GS (off) 


v 2 


(16) 


where V 2 is the time-varying local oscillator voltage. 
To maintain operation in the square-law region, we 
repeat Equation 13, 


V 2 (peak) 


V GS(off ) 
“ 2 


(17) 


increased dynamic range. Since balanced mixer 
design involves many tradeoffs for best perform- 
ance, this loss vs. V G s( 0 ff) problem is generally 
inconsequential. 

There is, of course, the possibility that FET cost is a 
major consideration in evaluating the active balanged 
mixer approach - the familiar price/performance 
tradeoff. If this is the case, there are a number of 
other Siliconix FETs which will provide suitable alter- 
natives to the U310 (Table 3). Remember, however, 
that conversion transconductance, g c , can never be 
more than 25% of forward transconductance. Thus 
as tradeoff considerations begin, the first sacrifice to 
be made will be the degree of achievable conversion 
gain. Intermodulation performance will follow with the 
third tradeoff being available noise figure. 


Table 3 


Typical 

Characteristics 

DEVICE TYPE 

U310* 

2N5912 

2N4416* 

2N3823 

9m 

15 K 

6 K 

5 K 

3.5 K 

Idss 

40 mA 

15 mA 

10 m 

10 mA 


*Similiar products are available in TO-92: 

U31 0 (J31 0) 

2N4416 (2N5486) 


where now, under optimum performance conditions, 

we merge Equation 11 with Equation 13 to find Local Oscillator Injection 


9 fso V G s( 0 ff) gfso 

g c — = 

2 V G s( 0 ff) 2 4 

which agrees with Equation 15. 


(18) 


For the highest level of conversion transconduc- 
tance, it would appear initially that for any given FET 
geometry, units with high loss are to be preferred. 
But as we saw in Figure 7, since loss and V G s( 0 ff) 
are related, a performance tradeoff is necessary; 
however, an increased value of loss provides 


Low IM distortion products and noise figure, plus best 
conversion gain, will be achieved if the voltage swing 
of the local oscillator across the gate-to-source junc- 
tion is held to the values presented in Figure 5. Vlo is 
expressed in terms of peak-to-peak voltage, while 
VGS(off) is a d.c. voltage. 

Local oscillator injection can be made either through 
a brute-force drive into the JFET source through the 
hybrid input transformer, or through a direct-coupled 
circuit to the JFET gates where less drive will be re- 
quired for the desired voltage swing. Two circuits to 
obtain direct gate coupling are suggested in Figure 8. 



9-119 



LPD-14 


fT'Siliconix 

JLM incorporated 




Figure 8. Alternate Forms of L.O. Injection 


The source-injection method is used in the design of 
the present mixer to maintain the inherent stability of 
a common-gate circuit. A minor disadvantage with 
the direct-drive method is that the required gate-to- 
source voltage swing requires considerable local 
oscillator input power. For source injection through 
the transformer, best mixer performance is obtained 
with a local oscillator drive level of +12 to +17 dBm 
across a 50-fl load. 

Conversely, direct coupling to the FET gates occurs 
at a higher impedance level and less local oscillator 
drive power is required. The functional tradeoff 
resulting when the gates are tied together is that 
shunt susceptance requires some form of conjugate 
matching, and thus brings about an undesirable 
reduction of instantaneous mixer bandwidth. 

Designing the Input Transformer 

Five criteria are important to the design of the hybrid 
input coupling transformer for best mixer perform- 
ance. The impedance transformer must 

1 . Consist of four single-ended terminals, for the lo- 
cal oscillator, the input signal and FETs A and B 


2. Offer a match between either input to a symmet- 
rical balanced load 

3. Provide as much isolation as possible between 
the signal and local oscillator ports (Figure 9) 

4. Maintain a differential phase of 180° across the 
symmetrical balanced loads 

5. Introduce the least possible amount of loss 




i 


r 2 

Figure 9. 4-Port Hybrid with Phase and Isolation 

A transformer using ferrite cores and meeting these 
five requirements is derived from elementary trans- 
mission-line theory (Figure 10). Transmission line 
transformers have a low-frequency cutoff determined 
by the falloff of primary reactance as frequency is 
decreased. This reactance is determined by the se- 
ries inductance of the transmission line conductors. 
On the other hand, high-frequency performance is 
enhanced by minimizing the physical length of the 
transmission line. Minimizing overall line length while 
maintaining suitable reactance can be accomplished 
by using a high-permeability core material such as a 
ferrite. The transformer constructed for the balanced 
FET mixer closely resembles the balanced 4-port 
unsymmetrical 180° hybrid device described by 
Ruthroff 6 . 

Although Ruthroff does not discuss the method of de- 
termining the winding length of bifilar wire, a solution 
is offered by Pitzalis 7 . The Pitzalis definitions for wire 
length are as follows (Figure 11): 

max length = (inches) (19) 

t upper 

20 R l 

min length = (inches) (20) 

(1 + M7M-o)f lower 
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Figure 10. Hybrid Input Coupling Transformer 


where Rl = the load impedance, jx/jio = the relative output is coupled directly through the dielectric me- 

permeability of the ferrite at the lower frequency, and dium separating the transmission line conductors; 

n = a fractional wavelength determined by the thus a relatively small cross-section of ferrite material 

amount of allowable phase error. can operate in an unsaturated state at impressively 

Selection of the ferrite core material is determined high power levels. For the FET balanced mixer, fer- 

mainly by performance requirements. A prime con- r ’*te core material with a permeability of 40 provides 

sideration for wideband performance is the tempera- satisfactory operation from 50 to 250 MFIz. Figure 11 

ture coefficient of the ferrite, which must have a low also demonstrates that a lower transmission line im- 

loss tangent over the required temperature range, pedance, Z 0f is to be preferred over a higher Z 0 . 

i.e., high Q. Both 50-fl and 100-11 transmission lines are required 

In addition, an important design factor involves the ^ or *he mixer transformer; twisted pairs will provide 

relative permeability of the core, since inductance of satisfactory results. A characteristic impedance of 45 

a conductor is proportional to the permeability of the ^ ' s obtained from 3 turns-per-inch of Belden No. 24 

surrounding medium. A high permeability material AWG enamel wire, while 3V 2 turns-per-inch of No. 24 

placed close to the transmission line conductors acts (7X32) Belden plastic covered wire provide 

upon the external fringe field present, appreciably Z 0 = 100 fl. Each core is wound with 2 inches of 

magnifying the inductance and providing a lower proper twisted pair, with min/max lengths calculated 

cutoff frequency. Power transferred from input to from Pitzalis’ data (Formulae 19,20). 
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As with all broadband transformers, the coil has an 
inherent parasitic inductance which must be capaci- 
tor-compensated (C2, C4, Figure 2). A trim capaci- 
tor is required at the two input terminals, and is 
adjusted only once to optimize the differential phase 
shift across the symmetrical balanced FETs. Phase 
match of the hybrid structure may be tracked to 
within ±2 degrees (about 180°) to 250 MHz. Effective 
resistance transformation is useful from 60 to 
550 MHz (Figure 12) - but phase track beyond 
250 MHz may show too much deterioration. 


j50 



-J50 


Figure 12. 50 n - 200 XI Baiun 

Designing the IF Network for 
Single-Balanced Mixers 

The IF network performs two important functions in 
the FET balanced mixer circuit. It provides for opti- 
mum match between the FETs and the IF amplifier, 
and it effectively bypasses the circuit RF components 
(signal and local oscillator). 

In network design, it is essential that the RF and local 
oscillator signals be sufficiently isolated from the 
intermediate frequency signal to maintain rejection 
levels of at least 20 dB. If this isolation is not main- 
tained, conversion gain and noise figure are 
degraded. 

The simplest technique for design of the IF network is 
to use the well-known pi (tt) match structure from 
each FET drain to a common balanced output trans- 
former network. This pi match technique is especially 
suitable for a narrow-band intermediate frequency 


output, serving three useful functions. First, it serves 
to achieve the proper drain load match between the 
FETs and the IF structure. Second, it provides the 
very necessary isolation of the intermediate fre- 
quency signal. And third, it serves as a simple filter 
to provide a monotonic decrease in impedance as 
frequency departs from the IF center frequency, 
fo 8 . This third function, shown in Figure 13, pre- 
vents the drain ioaa impedance from skyrocketing 
out of control and giving rise to distortion products. 


Distortion Region 



Figure 13. Pi (tt) Match Filter Function 

Selection of the dynamic drain impedance value in 
the IF network is a critical point in design of the struc- 
ture. Intermodulation product distortion and cross- 
modulation will be both affected by the instantaneous 
peak-to-peak output voltage of the FETs, if the value 
of the dynamic drain impedance allows these signal 
peaks to enter either the pinch-off voltage or break- 
down voltage regions of the transistors. If the imped- 
ance is too high, the dynamic range of the mixer will 
be severely limited; if the impedance is too low, use- 
ful conversion gain will be sacrificed. 

A first-order approximation to establish the proper 
load impedance may be obtained when 



and 

Vg S = Vqs + Vi sin toi t (23) 
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For the U310 FET, the optimum drainload impedance 
is established at slightly less than 2000 H, with suffi- 
cient local oscillator drive and gate bias determined 
from the conversion transconductance curve in 
Figure 5. 

The output IF coupling structure is an 800-H CT to 
50-fl trifilar-wound transformer (Relcom BT-9 or 
equivalent). The pi (tt) match into this transformer 
provided a dynamic drain load impedance of 1700 fl 
on each FET; excellent IM performance was ob- 
tained. Value of operating Q was established at 10 as 
the best compromise to insure that the tolerance of 
the pi match components would permit the IF output 
to peak within the allowable bandwidth at the associ- 
ated IF amplifier. A Q of more than 10 would result in 
a greatly restricted bandwidth, while a Q of less than 
10 would result in excessively high capacitance, ex- 
cessively low inductance, and unsatisfactory filter 
performance. 

Single-Balanced Mixer Performance 

Tests of the operational prototype FET single- 
balanced mixer demonstrated that the active mixer 
has several characteristics superior to those of pas- 
sive mixer counterparts. These comparisons are 
made in Table 4 (measurements of all three mixers 
were made under laboratory conditions) . 

Insertion loss measurements on the IF network 
amounted to 3 dB in the center of the passband, 
while insertion loss on the hybrid assembly measured 
1.2 dB. The network exhibited a Q of 10. Gain and 
noise figures were measured over the full 
50-250 MHz bandwidth, with a single-sideband noise 
figure ranging from 7.2 dB at 50 MHz to 8.6 dB at 
250 MHz. Conversion gain was a flat +2.5 dB. 

Two-tone third-order intermodulation is expressed in 
terms of the intercept point 9 . With two signals 


300 kHz apart, the balanced mixer suppressed third- 
order products -89 dB with both signals at -10 dB, 
representing an intercept point of +32 dBm. 


Table 4 

50-150 MHz Mixer Performance Comparison 


Characteristic 

JFET 

Schottky 

Bipolar 

Intermodulation Intercept 
Point 

+32 dB 

+28 dBm 

+12 dBm t 

Dynamic Range 

100 dB 

100 dB 

80 dB 1 " 

Desensitization Level 
(the level for an unwanted 
signal when the desired 
signal first experiences 
compression) 

+8.5 dBm 

+3 dBm 

+1 dBm t 

Conversion Gain 

+2.5 dB* 

-6 dB 

+18 dB 

Single-sideband Noise 
Figure @ 50 MHz 

7.2 dB 

6.5 dB 

6.0 dB 


* Conservative minimum 1" Estimated 


Figure 14 shows a comparison of third-order IM prod- 
ucts emanating from both the JFET balanced mixer 
and a typical low-level double-balanced diode mixer, 
under similar operating conditions. Noise figure and 
intercept point are shown at various bias and local 
oscillator drive levels in Figure 15. 

The performance of the active mixer is clearly 
superior to that of the diode mixers, contributing 
overall system gain in areas critical to telecommuni- 
cations practice, and reducing associated amplifier 
requirements. 

CONCLUSION 

The reason for using the three-core bifilar trans- 
former (Figure 11 A) in this tutorial article stemmed 
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Figure 14. Comparison of 3rd Order IM Products 
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Figure 15. Noise Figure and Intercept Point Performance 
Single-Balanced Mixer 


from the relative analytical simplicity of such a 
design. An alternative transformer is the single-core 
trifilar-wound design. The definitions for wire lengths 
(Equations 19 and 20) are equally applicable to trifilar 
as they are for bifilar. 

SECTION 2: JUNCTION FETS IN 
DOUBLE-BALANCED MIXERS 

INTRODUCTION 

Dynamic range is probably the most important con- 
sideration in modern receiver design. Table 1 
provides a comparison between the harmonic distor- 
tion characteristics of a simple mixer, a single-bal- 
anced mixer, and a double-balanced mixer. The 
comparison clearly shows those performance char- 
acteristics of the double-balanced mixer which have 
made it one of the most popular of all mixer types. 
Among these attributes are greatly improved 
interport isolation and a significant degree of 
rejection of local oscillator carrier amplitude 
modulation. 

When used in double-balanced mixers, however, 
passive devices such as Schottky-barrier (hot 
carrier) diodes have certain fundamental shortcom- 
ings, such as high conversion loss and high local os- 


cillator drive requirements. Thus the active balanced 
mixer which employs field-effect transistors is a wel- 
come innovation: conversion gain and improved in- 
termodulation distortion characteristics alone place 
the FET double-balanced mixer far ahead of its pas- 
sive counterparts. The high saturation levels possible 
with modest local oscillator power make such a mixer 
useful for mixing both small and large signals. 

First Order Double-Balanced Mixer Theory 

In either single or double-balanced mixer design, the 
prime requirement is that when the mixer is excited 
by the local oscillator carrier, the circuit must be ca- 
pable of rejecting the amplitude-modulated wave 
which exists about the L.O. Also, the mixer must re- 
ject any AM signal entering from the local oscillator 
port. (This signal rejection is usually known as AM 
local oscillator noise cancellation). 

A second requirement for balanced mixers is the 
establishment of interport isolation between the 
signal, local oscillator, and IF ports. A third desirable 
characteristic is the reduction of intermodulation 
distortion products. 

Careful attention to design of double-balanced mixers 
will satisfy the foregoing criteria. 
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Figure 16. Double-Balanced Mixer 


The schematic of a prototype double-balanced mixer If the schematic in Figure 16 is reduced to show only 

(Figure 16) employs four high-performance junction the local oscillator circuit (Figure 17a), the rejection 

FETs chosen for closely matched characteristics. mechanism of AM signals, either on the L.O. carrier 

(The significance of the quad-FET configuration will on entering through the local oscillator port, is readily 

be dealt with later). understood. 


JFET o 



c. 


Figure 17. 
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Likewise, the equivalent circuit in Figure 17b demon- 
strates how the signal is enhanced at the IF output. 
Both local oscillator AM cancellation, as well as signal 
enhancement, are dependent upon the precise bal- 
ance of the IF transformer, as well as on the match 
of the four FETs which make up the quad network. In 
Figure 17c, the schematic has been rearranged to 
show both the local oscillator and the signal input 
transformers; the mechanics of interport isolation 
may be easily visualized. Signal excitation provides 
an equipotential at the junctions of the local oscillator 
transformer and FET pairs AB and CD; in the same 
manner, excitation of the local oscillator produced an 
equipotential balance at the junctions of the signal 
transformer and FET pairs AC and BD. 

Harmonic distortion products are reduced by the bal- 
ance between the signal and local oscillator (inputs) 
and the IF (output), where even-integer harmonics of 
the signal and local oscillator frequencies are effec- 
tively canceled. A sixth-order summary of such prod- 
ucts in both single- and double-balanced mixers is 
shown in Table 5. Note how the relative densities 
agree with Table 1 . The effects of harmonic distortion 
can be reduced by a judicious selection of the IF 
passband response 10 . Third-order IMD (Intermodula- 
tion Distortion) products are reduced by virtue of the 
characteristics of junction FETs, which approximate a 
square-law response. Care must be taken in FET 
operation, however, to avoid driving the device into 
forward conduction by the application of too much 
local oscillator power. 


Table 5 


Comparison of Modulation 

Products in Single 

and Dougle Balanced Mixers to 6th Order 

Single-Balanced 

Double-Balanced 

fs 



3 f £ 



5 f £ 



f o + 

f s 

f o + f s 

fo + 

3 f s 

fo + 3 f s 

f o + 

5 f s 

fo+ 5 f s 

2 fo + 

fs 


2 f o + 

3 f s 


3 f o + 

f S 

3 f o + f s 

3 f 0 + 

3 f s 

3f 0 + 3 f s 

4 f 0 + 

fs 


5 f o + 

fs 

5 f 0 + f s 



Harmonic Distortion, Intermodulation 
Products, and Cross-Modulation 


Spurious output signals in mixers fall into three cate- 
gories: 

1 . Spurious mixer products derived from harmonic 
mixing of the signal and local oscillator frequen- 
cies; 


2. Two-tone, odd-order intermodulation products; 


3. “Chirping” which arises from undesired mixing 
frequencies falling in the IF passband. 


The harmonics of a single-signal frequency, when 
mixed with the harmonics of the local oscillator, pro- 
duce spurious outputs which are level-dependent on 
the signal amplitude. These products are greatly re- 
duced by the double-balanced mixer, where the even 
harmonics are effectively canceled; when FETs are 
used, the Taylor-series power expansion falls quickly 
to zero above the second order. 

However, modulation products of a similar nature will 
arise if the broadband down-converting mixer is not 
preceded by signal preselection, because of the mix- 
er’s equal response to the “image” frequency. 
Here, perfectly valid signals will mix with the local os- 
cillator producing interfering i-f signals whose only 
difference, when compared to the desired i-f signal, 
is that it moves counter to the desired i-f signal when 
the local oscillator is shifted. 

Two-tone, odd-order IM products differ markedly 
from other spurious signals. This form of harmonic 
distortion consists of interactions between two or 
more input signals and their respective harmonics. In 
turn, these products are mixed with the fundamental 
and harmonics of the local oscillator, generating 
spurious products which may fall within the IF 
passband, on or very near to the desired signal. 

Cross-modulation in the active JFET balanced mixer 
does not pose a serious problem, provided the signal 
input is maintained at a high conductance, which will 
occur with source injection. Cross-modulation is very 
dependent on and directly related to the impedance 
across which the signal is impressed. In the active 
JFET double-balanced mixer this impedance is very 
low, typical 35 n. Consequently, the effects of 
cross-modulation may be disregarded. 
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In the mixing process of any active device, the value 
of the FET drain current may be derived from a 
knowledge of the transconductance of the device, 
and the impressed signal voltage, eg. This is 
obtained from the Taylor-series power expansion: 


id = 


9m e g + 


1 

2 I 


1 8 2 9m 

3 ! SV g 2 


3. 


89 m 
SV G 


+ 


1 S n-1 9m 
n ! SVq"- 1 


(24) 


which can be reduced to the terms in Table 6. 


Table 6 


Term 

Output 

Transfer 

Characteristic 

9m 

eg 

FI, F2 

Linear 

1 

89m 2 

2 FI , 2 F2 

Second-order 

2 ! 

8 Vq Cu 

FI + F2 

Square-law 



3 FI , 3 F2 


1 

sg m 3 

2 FI + F2 

Third order 

3 I 

8V G 2 9 

2 F2 ± FI 



In FET theory, the second and higher-order deriva- 
tives of 9 m are absent, and the device thus offers a 
considerable reduction of both intermodulation prod- 
ucts and higher-order harmonics. In the double-bal- 
anced mixer, where FI = F2 is the desired result, it is 
well to manipulate mixer design and bias conditions 
89 m 

to render as large as possible, simultaneously 
reducing all other terms. 

Criteria for FET Selection 

For best performance in the single-balanced mixer, 
matched FET pairs were used. A 10% match in gate 
cutoff voltage, VQS(off). saturated drain current, 


loss, and forward transconductance was sufficient; a 
wide selection of junction FET pairs is available for 
single-balanced mixer applications. However, in a 
double-balanced mixer using a ring-style (quad) 
demodulator, the match must be extended to four 
discrete devices. Although high forward transcon- 
ductance remains desirable, the selection of FETs 
becomes sharply limited for most users. 

Early in the development of the prototype double-bal- 
anced mixer, evaluation was made of the potential 
effect of physical FET packaging on mixer perform- 
ance. Four selected discrete JFETs were arranged in 
a matrix which was electrically and schematically 
identical to the circuit shown in Figure 16. At the 
same time, four FET chips were mounted in a TO-1 1 6 
dual in-line package, with the lead bonds arranged to 
form the ring demodulator. Comparison of the two 
quad-FET configurations at operating frequencies 
through 100 MHz indicated that the single-package 
arrangement had definitely superior characteristics. 
Physical assembly into the mixer circuit is easier, and 
less PC board space is required. Improved 
performance was noted on the following parameters: 

• Lower lead inductance 


• Lower distributed capacitance 

• Better isolation 


• Better rejection of AM noise 

All of the mixer performance achievements dis- 
cussed in this presentation have been made with the 
single-package quad-FET matrix; it behooves the us- 
er to follow this design philosophy, and to limit JFET 
candidates for selection to those high-performance 
(high transconductance, low capacitance) devices 
which are available packaged as matched ring-quad 
demodulators. 


The FET chips used in the single-package configura- 
tion were Siliconix U310s, which offer saturated drain 
current, loss. of 20 to 60 mA, and a typical forward 
transconductance of 14 mmho at Vqs = 0. Parasitic 
chip capacitance averages about 4 pF (Cj SS ), which 
allows for operation well into the UHF region. Table 7 
shows the performance match achieved when 
adjacent chips were selected from the same wafer. 
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Table 7 


Quad-FET Chip Matching 

Quad S/N 

Mgs (off) 

•dss 

9 fs 


(V) 

(ma) 

(mU) 

04720 

3.39 

29.2 

13.1 


3.54 

31.0 

12.8 


3.53 

30.8 

13.0 


3.43 

29.4 

13.1 

04724 

3.78 

35.6 

12.8 


3.74 

35.3 

12.6 


3.84 

35.7 

12.7 


3.83 

37.2 

12.6 

04728 

5.23 

53.4 

11.6 


5.14 

53.3 

11.7 


5.03 

51.1 

11.5 


5.19 

53.3 

11.8 


All of the quad arrays shown were tested in the mixer 
assembly, and all provided a maximum dynamic un- 
balance of only 0.17 dB, ample proof that the prac- 
tice of adjacent chip selection is valid for close 
matching. 

The pin assignments of four JFETs in the 14-pin 
TO-116 dual in-line carrier were arranged to avoid 
crossovers and maintain sufficient separation be- 
tween the signal and local oscillator ports to keep 
stray coupling leakage to a minimum. Siliconix offers 
the U350, a quad-ring demodulator consisting of 
matched U310 JFETs. 

Local Oscillator Injection 

Local oscillator drive for active FET mixers, either 
balanced or unbalanced, differs from the drive char- 
acteristics of passive diode mixers. For best IMD 
performance, the gate of the FET must never be 
driven positive with respect to the source - - a case 
equivalent to the hard ON condition of the diode. 
Consequently, local oscillator drive for the balanced 
mixer is less than that required for a passive 
balanced mixer with comparable performance 
characteristics. 

The double-balanced mixer relies on balanced drive 
from both the local oscillator and the signal source. 
Since conversion efficiency, optimum noise figure, 
and good cross-modulation effects can best be 
served with the signal entering through the common 


quad JFET source, the local oscillator excitation may 
be applied directly at the gates of the FET array. 

A balanced trifilar-wound toroidal-coil broadband 
transformer, exhibiting high even-mode rejection, 
provides the balanced drive for the local oscillator ex- 
citation of the quad FET gates. The gates of the quad 
array have very low conductance; hence there will be 
some degree of mismatch to the local oscillator, 
which normally could not be tolerated for the signal 
port. The high gate impedance, however, allows a 
moderate level of local oscillator power to bring 
about the necessary gate voltage swing. 

Transformer Design 

The design problems encountered in a single- 
balanced mixer are compounded in the double- 
balanced mixer: the full-wave JFET quad differs 
markedly from the half-wave single-balance JFET 
pair, in that the quad is represented as a 4-terminal 
input structure, while the JFET pair is represented as 
a 2-terminal structure. Consequently, the double- 
balanced mixer transformer design requires two 
separate solutions, each offering entirely different 
structures. While each transformer design will be 
treated separately, it is important to note the design 
goals which are common to both. 

The transformers must: 

1 . Consist of three single-ended terminal pairs, an 
input and a balanced output; 

2. Offer a broadband match between the unbal- 
anced input and a symmetrical balanced load; 

3. Maintain (over a wide bandwidth) a differential 
phase of 180° across the symmetrical balanced 
loads; and 

4. Introduce a minimum of insertion loss. 

Signal Input Transformer Design 

In general, design and fabrication of broadband 
transformers has been limited to the popular 
ferrite-core varieties derived from transmission-line 
theory 11 , where exceptional bandwidths are possible. 
The more popular transformer designs frequently 
result in a 4:1 impedance transformation, as in the 
single-balanced mixer or in most trifilar designs. 
Other popular transformers offer either simple 
constant-impedance phase inversion or unbalanced- 
to-balanced configurations. 
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Figure 18. Signal Input Transformer 

The JFET quad signal input terminals consists of 
shunt pairs of JFET source terminals which offer a 
combined load impedance of about 35 fl as 
contrasted to a 100 n impedance value which would 
have suited a 4:1 transformer. It was thus necessary 
to design a broadband unbalanced-to-split-balance 
transformer which produced, in effect, a 50 O 
asymmetrical input to a 25-0-25 fl output. 

Such a transformer would require an unbalanced 
50 fl input and a symmetrically-balanced output 
having near-perfect 180° phase differential and an 
equipotential, (even-mode) center tap. Conse- 
quetly, a two-step design procedure was indicated. 

The first step was to design a transformer which 
would provide the unbalanced-to-balanced transition 
while maintaining a constant impedance of 50 fl and 
a 180° phase differential across the balanced output, 
over a 50-250 MHz band. The design was straightfor- 
ward, and is shown schematically in Figure 18. The 
extra winding was required to complete the 
necessary magnetization current path. 

Design of the core windings required selection of the 
proper ferrite, and establishment of the actual wind- 
ing length. The latter was resolved to a first-order 


LPD-14 

approximation by the formulas of Pitzalis (Equations 
19 and 20). 

Having established the approximate length limits, the 
final solution came by experiment. A Hewlett-Packard 
8405A vector voltmeter was invaluable during this 
phase of the work. 

According to Ruthroff the simple balun, to which the 
signal input transformer can be most readily com- 
pared, is equivalent to "an ideal reversing trans- 
former plus a length of transmission line. If the char- 
acteristic impedance of the line is equal to the termi- 
nating impedance, the transformer is inherently 
broadband.” The true equivalent of the simple 
Ruthroff balun is shown in Figure 19, where the 
"length of transmission line” is in effect a shunt ele- 
ment of characteristic admittance, Y s . If 
Y 0 = Yj n = Ya» then it can be shown that Y s = Ya, 
thus providing a flat admittance transfer through the 
transformer 12 . Construction of the "ideal reversing 
transformer” required three turns-per-inch of Belden 
#24 enamel wire for a characteristic admittance of 
0.22 TT. 

Core permeability was established by selection from 
three possible choices of -Indiana General ferrite (Q1 
for a permeability, M'/P-o of 125; Q2 forP'/P-o = 40; 
and Q3 forP-/P-o = 16). Figure 20a provides a per- 
formance comparison between identically-wound 
transformers with different core permeabilities; 
Figure 20b shows the effects of winding length on the 
selected core, Q2. (Core material Q3 might have of- 
fered a better permeability, but its cost was prohibi- 
tive) . A winding length of 1 .5 inches was used for this 
first-stage transformer design. An identical length of 
single conductor was wound about the core in the 


ideal 





Figure 19. Equivalence of Simple Balun 
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50 70 100 200 250 

Frequency (MHz) 

Figure 21 . Input Transformer Phase Balance 



b. 

Figure 20. Differences in Core Permeability 


same winding direction for the magnetization require- 
ments. 

The second phase of the signal input transformer de- 
sign is to provide a circuit that maintains the precise 
impedance and phase balance of the reversing trans- 
former, while offering in combination a center-tapped 
junction with high even-mode rejection. The trans- 
former was wound after the fashion of Ruthroff’s 4:1 
ratio impedance design, with 2 inches of twisted pair 
wire on a Q2 core. The resulting transformer, in com- 
bination with the reversing transformer discussed 
earlier, provided the degree of phase balance shown 
in Figure 21 . 

The center tap is typically decoupled in excess of 
50 dB. The completed signal input transformer is 
shown in Figure 22. If the design offers the assurance 


T2 



that the center tap will be grounded, then the 
magnetization winding may be omitted. 

Local Oscillator Input Transformer 

Design of the local oscillator transformer is some- 
what simpler than that of the signal input trans- 
former, because two design rules may be relaxed. 
First, the gates operate at a higher impedance than 
that imposed on the sources; thus it is only 
necessary to insure that the peak-to-peak voltage 
swing at the gates is sufficient for proper FET opera- 
tion. Second, close impedance match is not so criti- 
cal as in the signal input transformer, since the local 
oscillator excitation is generally derived directly from 
a nearby source. 

In those situations where the existence of a mis- 
matched load is bothersome (as in high-frequency 
operation, where a long coaxial feed will tend to ex- 
hibit a “long lines effect” and produce erratic mixer 
performance) a simple precaution will avoid the 
problem. If the FET gates are clamped with fixed non- 
inductive resistors (value approximately 200 fl) to 
ground, such loading of the LO transformer secon- 
dary will insure a reasonable input match. 
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In the design shown in Figure 23, a simple trifilar- 
wound toroidal-core transformer produced excellent 
results. The transformer was constructed from three 
strands of Belden #24 enamel wire, twisted to 3 turns 
per inch. The trifilar winding, 2 inches long, was 
wrapped around an Indiana General F625-9 (CF102) 
Q2 toroidal core. Care must be taken when winding 
multifilar transformers with heavy wire, to insure that 
the wire is wrapped tightly around the ferrite for good 
even-mode isolation and balance. 

Simplicity of design of the combined transformers 
made detailed analysis of performance unnecessary; 
indicators such as isolation and dynamic unbalance 
are sufficient to show symmetry for both 
transformers and the FET quad. 



Figure 23. Local Oscillator Input Transformer 


(For the prototype mixer feasibility study, relatively 
large ferrite cores were used, as a matter of winding 
convenience. The practice of using large cores, how- 
ever, can lead to excessive transformer losses, 
resulting in degraded mixer efficiency, high noise 
figures, high LO drive requirements and reduced 
gain. For best results, cores no larger than those 
commonly used in the CATV industry should be 
chosen) . 

AM Local Oscillator Noise Rejection 


Gaussian Distribution 



Figure 24. Generation of Spurious AM Signals 


their products do not occur at the intermediate 
frequency. In the early days of balanced mixers, a 
20 dB rejection of AM noise was considered good; 
today’s sophisticated techniques for selection of 
dynamically-matched semiconductors can provide 
ultimate AM rejection in excess of 30 dB. Figure 25 
provides an insight into the degree of AM noise rejec- 
tion available in the double-balanced mixer. 


AM 

Noise Rejection 
(dB) 



50 70 100 200 250 


Frequency (MHz) 


Originally, balanced mixers were used for the specific 
purpose of canceling spurious AM signals existing on 
or about the local oscillator carrier (the function of 
the mixer in establishing good inter-port isolation was 
a side-effect). These signals could be either spurious 
AM signals generated on or about the carrier 
(Figure 24) or actual signals existing at the signal 
frequency. In the latter case, the signals enter the 
mixer through the local oscillator, having found their 
way in through some leakage coupling phenomenon. 

Regardless of the type or source of AM signals enter- 
ing through the local oscillator port, the balanced 
mixer should effectively reject these signals so that 


Figure 25. AM Noise Rejection in Double-Balance 
Mixer 


(Insofar as FM noise is concerned, it should be noted 
that no mixer is capable of rejecting frequency- 
modulated signals entering through the local oscilla- 
tor) . 

An interesting point not generally considered in dis- 
cussions of balanced mixers is that the dynamic 
range of the mixer can be limited by the conversion 
of local oscillator noise into the intermediate 
frequency, which tends to blank out a weak signal 
and place a bottom on sensitivity. 
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Interport Isolation 


Like AM noise rejection and dynamic unbalance, in- 
terport isolation is very dependent on mixer balance 
(symmetry) . Matching aspects of the JFET quad ar- 
ray and the phase/amplitude balance of the signal 
input and local oscillator input transformers play im- 
portant roles in achieving interport isolation. Capaci- 
tive and magnetic coupling between the transformers 
add to problems of interport isolation in balanced 
mixers. 

(In the prototype mixer, the JFET quad was packaged 
in a 14-pin dual in-line housing, as a matter of con- 
struction convenience.) The U350 is recommended 
for double-balanced mixer designs. 

Interport isolation was also enhanced in the prototype 
mixer through careful parts layout. As a measure of 
the overall effects of unbalance, a quantitative meas- 
urement of interport isolation vs dynamic unbalance 
is made in Figure 26. 

In Figure 27, the interport isolation between the local 
oscillator and signal input ports is shown to be 35 dB 
typically. 


Dynamic Unbalance 

Dynamic unbalance may be regarded as another ex- 
pression for AM noise rejection, except that the latter 
does not provide a ready insight into the effects of 
symmetry, balance, and quad matching. 

Dynamic unbalance also affects the intermodulation 
distortion performance of the mixer. As the unbal- 
ance approaches a degree of true balance, the IMD 
tends to optimize; conversely, when unbalance is ex- 
cessive the IMD approaches an asymptotic state. 
This effect is shown in Figure 28. 

Designing the IF Network 

The IF network performs three important functions in 
the FET double-balanced mixer. As with the single- 
balanced mixer, it provides for best match between 
the quad FETs and the intermediate frequency 
amplifier; it effectively bypasses the RF components 
(signal and local oscillator); and unique to the 
double-balanced mixer, it provides a reduction of 
simple harmonic distortion, by virtue of its balance. 



Figure 26. AM Noise Rejection in Double-Balance 
Mixer 
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Figure 27. Interport Isolation 


0 

Incremental Decay 
(dB) 

In 3rd Order -1.0 
IMD Intercept 

- 2.0 
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Figure 28. Dynamic Unbalance vs. Incremental 
Decay 
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Selection of the dynamic drain impedance value in 
the IF network is a critical point in the design of the 
structure. Both IM product distortion and cross- 
modulation will be affected by the instantaneous 
peak-to-peak voltage of the FETs if the dynamic drain 
impedance allows the signal peaks to enter either the 
pinchoff or breakdown voltage regions of the transis- 
tors. Here another design tradeoff must be consid- 
ered. If the impedance is too high, the dynamic 
range of the mixer will be limited; if the impedance is 
too low, useful conversion gain will be sacrificed, as 
shown in Figure 29. 


2 Tone 40 

3rd Order IMD 
Intercept Point 

(dB) 30 

20 

10 

Gain 

(dB) 5 


0 


Figure 29. Gain and IMD vs. Local Oscillator Drive 
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Mixer Performance 


Quad FET arrays with both high and low pinchoff volt- 
age levels were used in evaluation of the active dou- 
ble-balanced mixer; the prototype mixer exhibited 
clearly superior characteristics, compared to equiva- 
lent small-signal passive double-balanced mixers. 
The low- to medium-level pinchoff voltage quad FET 
array performed slightly better than the high-level 
pinchoff devices (5.5 V), solely because of a limita- 
tion in available local oscillator power. Performance 
of several types of mixers is made in Table 8. 

Conclusion 


It may be concluded that performance of the active 
double-balanced mixer contributes overall system 
gain in areas critical to telecommunications practice, 
and reduces associated amplifier requirements. 


SECTION 3: A COMMUTATION DOU- 
BLE-BALANCED MOSFET MIXER OF 
HIGH DYNAMIC RANGE 

INTRODUCTION 


Heretofore, most mixers sporting a high dynamic 
range have been either the passive diode-ring variety 
- available from numerous vendors - or the active 
FET mixer. The latter is often implemented, using 
either the Siliconix U310 or the Siliconix U350, as de- 
scribed in Sections 1 and 2. 

Common to both the diode and FET is their square- 
law characteristic so important in maintaining low dis- 
tortion during mixing. However, equally important for 
high dynamic range is the ability to withstand over- 
load that has been identified as a principle cause of 
distortion in mixing 13 . Some passive diode-ring mixer 
designs have resorted to paralleling of diodes to 
effect greater current handling, yet the penalty for 
this apparent improvement is the need for a massive 
increase in local-oscillator power. 

Here we examine a new FET mixer where communi- 
cation achieves high dynamic range without exacting 
the anticipated penalty of increased local-oscillator 
drive. Using the Siliconix Si8901 monolithic quad-ring 
small-signal double-diffused MOSFET, third-order in- 
tercept points upward of +39 dBm (input) have been 
achieved with only +17 dBm of local-oscillator drive. 
A comparison between the Si8901 double-balanced 
mixer and the conventional diode ring double- 
balanced mixer is offered in Figure 30 where we see 
an order-of-magnitude improvement in performance 
at local-oscillator power levels substantially lower 
than heretofore possible with the conventional mixer. 


Conversion Efficiency Of The Commutation 
Mixer 


Unlike either the conventional diode-ring mixer or the 
active FET mixer, the commutation mixer relies on 
the switching action of the quad-FET elements to 
effect mixing action. Consequently, the commutation 
mixer is, in effect, no more than a pair of switches 
reversing the phase of the signal carrier at a rate de- 
termined by the local-oscillator frequency. Ideally, 
we would anticipate little noise contribution, and 
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Table 8 


Comparison Between Active, Passive, and MOSFET Double-Balanced Mixers 


Characteristic 

Active 

FET 

Passive 

Low-Level 

Passive 

High-Level 

MOSFET 

Switch 

Frequency Range (MHz) 

50-250 

0.5-500 

0.5-500 

0.2-100 

AM Local Oscillator Noise Rejection (dB) 

45 

Unknown 

Unknown 

Unknown 

Dynamic Unbalance (dB) 

0.15 

Unknown 

Unknown 

Unknown 

Isolation RF-Local Oscillator (dB) 

35 

35 

40 

30 

Isolation Local Oscillator - RF (dB) 

60 

25 

30 

25 

Overall Noise Figure (SSB) (dB) 

8.0 

8.5 

8.5 

9.0 

Local Oscillator Drive Level (dBm) 

+ 15 

+7 

+17 

+30 

Two-Tone IMD Intercept Point* (dBm) 

+34 

+15 

+28 

35 

Conversion Gain (db) 

+4 

-8 

-8 

-8 

1 dB Compression (dBm) 

+ 13 

+1 

+8 

+29 

Desensitization Level** (dBm) 

+13 

+1 

+8 

+29 


* Output - measured at recommended LO drive level. 

** The level for a nearby unwanted signal (separated 200 kHz) to compress a desired signal of -15 dBm by 1 dB. 


since the switching mixer - consisting of four MOSFET 
“switches” - has finite ON-state resistance, perform- 
ance is similar to that of a switching attenuator. As a 
result, the conversion efficiency of the commutation 
mixer may be expressed as a loss. 


3rd Order 
Input 

Intercept Point 
(+dBm) 



0 5 10 15 20 25 30 35 


Power Local Osc. (+dBm) 


Figure 30. Performance Comparison of Double 
Balanced Mixers 


This loss results from two related factors. First, is the 
rps of the MOSFET relative to the signal impedance 
(R g ) and intermediate frequency (IF) impedance 
(Rl) ; second - and a more common and expected 
factor - is the loss attributed to signal conversion to 
undesired frequencies. The latter signal conversion 
involves the image and harmonic frequencies. There 


are, however, ways to reduce the effects of 
undesired frequency generation by filtering. 

The effect of rps of the MOSFETs may be determined 
from the analysis of the equivalent circuit shown in 
Figure 31 , assuming that our local oscillator wave 
form is an idealized square wave. It is not, but if we 
assume that it is, our analysis is greatly simplified; 
and for a commutation mixer, a high local-oscillator 
voltage begins to approach the ideal waveform of a 
square wave. 


r OFF 



Figure 31. Equivalent Circuit of Communication 
Mixer 
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Figure 31, showing switches rather than MOSFETs, 
also identifies the ON-state resistance, rps. as well 
as the OFF-state resistance, toff • The latter can be 
disregarded in this analysis as it is generally ex- 
tremely high (2 • 10 9 £1). On the other hand, the ON- 
state resistance, ros. together with the source and 
load impedances (i.e. signal and intermediate-fre- 
quence impedances) directly affects the conversion 
efficiency. 

If we assume that our local-oscillator excitation is an 
idealized square wave, the switching action may be 
represented by the Fourier series as, 


f(x) 


J_ _2 y sin (2n - 1) at 
2 + -nr n “ 1 (2n - 1) 


(25) 


P a v 


VlN 2 

4Rg 


or, in terms shown in Figure 33 


(26) 


P av “ 


VlN 2 

1T 2 Rg 


(27) 


the output power, deliverable to the intermediate- 
frequency port, is 



(28) 


The switching function, e(t), shown in the derivative 
equivalent circuit of Figure 32, is derived from the 
magnitude of this Fourier series expansion as a 
power function by squaring the first term, i.e. 
{21 IT ) 2 . 



I 1 



Figure 32. Derivative Equivalent Circuit 


IT 2 

T rDS r M 



Figure 33. The Power-Loop Circuit with All Elements 
Equivalent Based on the Transfer 
Function, e(t) = -4- 
t r 2 

To arrive atV 0 , we first need to obtain the loop cur- 
rent, ii_, which from Figure 33 offers 

V in 

'L= — (29) 

JI__(Rg+ r DS) + Rl+ r DS 
4 


then 


V 0 = 


Vin Rl 

Jli(Rg+ r DS) + Rl+ r DS 
4 


Combining Equations 28 and 30, 


(30) 



The available power that can be delivered from a 
generator of RMS open-circuit terminal voltage, Vin, 
and internal resistance, R g , is 


Pout 


Vin 2 Rl 

[jLl( R g + r Ds) + Rl+ r DS ] 2 
4 


(31) 
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Conversion efficiency - in the case for the commuta- 
tion mixer, a loss - may be calculated from the ratio 
of Pav sind Pout 


L C = 10 Log • Pav - dB 
Pout 


(32) 


Substituting Equation 27 forP av , and Equation 31 for 
Pout, we obtain 



[jt£ ( Rg + Tds) + Rl+ r Ds] 2 
L c = 10 Log — - CIB ( 33 ) 

17 2 RLRg 


The conversion loss represented by Equation 33 is 
for a broadband double-balanced mixer with the im- 
age and sum frequency (RF + LO) ports shorted and 
the signal frequency (RF) matched to the character- 
istic line impedance. The ideal commutating mixer 
operating with resistive source and load impedances 
will result in having the image and all harmonic 
frequencies dissipated. For this case, the optimum 
conversion loss reduces to 

L C = 10 Log -Ep dB (34) 

or -3.92 dB 


However, a truly optimum mixer also demands that 
the MOSFETs exhibit an ON-state resistance of zero 
ohms and, of course, an ideal square-wave excita- 
tion. Neither is possible in a practical sense. 

Equation 33 can be examined for various values of 
source and load impedances as well as rps by 
graphical representation, as shown in Figure 34, re- 
membering that a nominal 3.92 dB must be added to 
the values obtained from the graph. 


To illustrate how seriously the ON-state resistance of 
the MOSFETs affects performance, we need only to 
consider the Si8901 with a nominal rps 
(at Vqs = 15V) of 23 n. With a 1:1 signal transformer 
(50 to 25-0-25 a), R g /r DS = 1.1. Allowing a 4:1 IF 
output transformer to a 50-fl preamplifier, the ratio 
RlTds approximates 4. From Figure 34 we read a 
conversion loss, Lc, of approximately 3.7 dB, to 
which we add 3.92 dB for a total loss of 7.62 dB. 
Additionally, we must also include the losses incurred 
by both the signal and IF transformers. The result 
compares favorably with measured data. 

A careful study of Figure 34 reveals what appears as 
an anomalous characteristic. If we were to raise 
Rg/rDS from 1-1 to 4.3 (by replacing 1:1 transformer 
with a 1 :4 to effect a signal-source impedance of 
100-0-100 H), we would see a dramatic improvement 
in conversion efficiency. The anomaly is that this 
suggests that a mismatched signal-input port im- 
proves performance. 

Caruthers 14 first suggested that reactively terminat- 
ing all harmonic and parasitic frequencies would re- 
duce the conversion loss of a ring demodulator to 
zero. This, of course, would also require that the ac- 
tive mixing elements (MOSFETs in this case) have 
zero rps. in keeping with the data of Figure 34. 

A double-balanced mixer is a 4-port - consisting of a 
signal, image, IF, and a local-oscillator port. Of 
these, the most difficult to terminate is the image fre- 
quency port simply because, in theory, it exists as a 
separate port, but in practice it shares the signal 
port. Any reactive termination would, therefore, be 
narrow-band irrespective of its proximity to the active 
mixing elements. 
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The performance of an image-termination filter offer- 
ing a true reactance to the image frequency (100% 
reflective) may be deduced to a reasonable degree 
from Figure 34, if we first presume that the conver- 
sion loss between signal and IF compares with that 
between signal and image. The relationship is 
displayed in Figure 35 where we see the expected 
variation in amplitude proportional to conversion 
efficiency (inversely proportional to conversion loss) . 

Image-frequency filtering affects more than conver- 
sion efficiency. As the phase of the detuned-short 
position of the image-frequency filter is varied, we 
are able to witness a cyclical variation in the inter- 
modulation distortion as has been confirmed by 
measurement, shown in Figure 36. By comparing 
Figure 35 with Figure 36, we see that any improve- 
ment in conversion loss appears to offer a corre- 
sponding degradation in intermodulation distortion! 



Figure 35. Effect of Image Termination on 
Conversion Loss 


IMD 

(dB) 



6CM f- 

58- 

56- 



Measured Data 
Point 




\ 

-\ jp- cot 



Figure 36. Effect of Image Termination on 3rd-Order 
Distortion 


Unbalanced, single-balanced, and double-balanced 
mixers are distinguished by their ability to selectively 
reject spurious frequency components, as defined in 
Table 5. The double-balanced mixer, by virtue of its 
symmetry, suppresses twice the number of spurious 
frequencies as the single-balanced mixer sup- 
presses. 

In the ideal mixer, the input signal is translated to an 
intermediate frequency without distortion, that is 
without imparing any of the contained information. 
Regrettably, the ideal mixer does not occur in prac- 
tice. Because of certain non-linearities within the 
switching elements (MOSFETs in this case) as well as 
imperfect switching resulting in phase modulation, 
distortion results. 

Identifying Intermodulation Distortion 
Products 

The most damaging intermodulation distortion (IMD) 
products in receiver design are generally those at- 
tributed to odd-order and, in particular, those identi- 
fied as the third-order IMD. 

Earlier, in Equation 24, we saw that any non-linear 
device may be represented as a power series which 
can be reduced to the terms shown in Table 6. 

The second-order term is the desired intermediate 
frequency we seek, all other higher-orders are unde- 
sirable but, unfortunately, are present to a varying 
degree. 

There are both fixed-level IMD products and level- 
dependent IMD products. The former are produced 
by the interaction between a fixed-level signal, such 
as the local oscillator and the variable-amplitude sig- 
nal. The resulting frequencies may be identified by 

n fi ± f 2 (35) 


where, n is an integer greater than 1. 

Level-dependent IMD products result from the inter- 
action of the harmonics of the local oscillator and 
those of the signal. The resulting frequencies may be 
identified by 


n fi + m f 2 


(36) 



Intermodulation Distortion 


where, m and n are integers greater than 1. 
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For a mixer to generate IMD products at the interme- 
diate frequency, we must account for at least a two- 
step process. First, the generation of the harmonics 
of the signal and local oscillator; and second, the 
mixing or conversion of these frequencies to the in- 
termediate frequency. Consequently, the mixer may 
be modeled as a series connection of two non-linear 
impedances, the first to generate the harmonic prod- 
ucts and the second to mix or convert to the interme- 
diate frequency. Although many harmonically-related 
products are possible, we will focus principally on the 
odd-order IMD products. 

If we allow two interfering signals, fl and f2, to im- 
pinge upon the first non-linear element of our mixer 
model, the result will be 2f1 - f2 and 2f2 - fl . These 
are identified as third-order intermodulation products 
(IMD 3 ). Other products are also generated taking the 
form 3f1 - 2f2 and 3f2 - 2f1 , called fifth-order IMD 
products (IMD 5 ). Unlike the even-order products, 
odd order products lie close the the fundamental 
signals and, as a consequence, are most susceptible 
to falling within the passband of the intermediate 
frequency and thus degrading the performance of 
the mixer. 

A qualitative definition of linearity based upon inter- 
modulation distortion performance is called the inter- 
cept point. Convergence occurs when 

• the fundamental output (IF) response is directly 
proportional to the signal input level; 

• the second-order output response is proportional 
to the square of the signal input level; and, 

• the third-order output response is proportional to 
the cube of the signal input level. 

The point of convergence is termed the intercept 
point. The higher the value of this intercept point, the 
better the dynamic range. 

Intermodulation Distortion in the Commuta- 
tion Mixer 

Although the double-balanced mixer outperforms the 
single-balanced mixer as we saw in Table 5, a more 
serious source of intermodulation products results 
when the local-oscillator excitation departs from the 
idealized square wave 15 ’ 16 . This phenomena is eas- 
ily recognized by a careful examination of Figure 37, 
where a sinusoidal local-oscillator voltage reacts not 
only upon a varying transfer characteristic but also 


on a varying non-linear, voltage-dependent capaci- 
tance (not shown in Figure 37) . Although the effects 
of this sinusoidal transition are not easily derived, 
Ward 17 and Rafuse 18 have concluded that lowering 
R g will provide improved intermodulation perform- 
ance! This conflicts with low conversion loss, as we 
saw in Figure 34, but agrees with Equation 37. 

v s 2 

20 Log ^ trMLoVc j dB (37) 

where, 

Vq is the peak-to-peak local-oscillator voltage, 

Vs is the peak signal voltage, 
tr is the rise and fall time of Vq, 
wlo is the local-oscillator frequency. 

Further examination of Figure 37 reveals that the 
sinusoidal local-oscillator excitation results in phase 
modulation. That is, as the sinusoidal wave goes 
through a complete cycle, the resulting gate voltage, 
acting upon the MOSFET’s tranfer characteristic, 
produces a resulting non-linear waveform. Since all 
FETs have some offset - a JFET has cut-off voltage, 
and a MOSFET has threshold voltage - it is important, 


Transform Resultant l-F 

Function Waveform 



Figure 37. Effect of Sinusoidal L.O. Waveform on 
l-F Linearity 
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both for symmetry as well as for balance, to offer 
some dc offset voltage to the gates. Optimum IMD 
performance demands that the switches operate in a 
50% duty cycle; that is, the switches must be fully ON 
and fully OFF for equal time. Without some form of 
offset bias, this would be extremely difficult unless 
we were to implement an idealized square-wave 
drive. 

Walker 19 has derived an expression showing the pre- 
dicted improvement in the relative level of two-tone 
third-order intermodulation products (IMD 3 ) as a 
function of the rise and fall times of the local-oscilla- 
tor waveform. 

Equation 37 offers us several interesting aspects on 
performance. Since any reduction in the magnitude 
of Vs improves the IMD, we again discover that by 
lowering R g (which, in turn, decreases the magnitude 
of Vs) appears to benefit performance. Second, the 
higher the local-oscillator voltage, the better the IMD 
performance. Third, if we can provide the idealized 
square-wave drive, we achieve an infinite improve- 
ment in IMD performance! 

An additional fault of sinusoidal local-oscilaltor excita- 
tion results whenever the wave approaches the zero- 
crossing at half-period intervals. As the voltage 
decays, we find that any signal voltage may overload 
the MOSFETs causing intermodulation and 
crossmodulation distortion 20 . This can be easily visu- 
alized from Figure 38 where we see the classic i-e 
characteristics of the MOSFET at varying gate 
voltages. Only at substantial gate voltage do we wit- 
ness reasonable linearity and, consequently, good 
dynamic range. 
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Figure 38. First & Third Quadrant l-E 

Characteristics Showing Effect of Gate 
Voltage Leading to Large-Signal Overload 
Distortion 
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Dynamic Range Of The Commutation Mixer 

As the two-tone intercept point increases in magni- 
tude, we generally expect a like improvement in dy- 
namic range results. Yet, as we have concluded 
from earlier study, the intermodulation products ap- 
pear to be a function of both the generator or source 
impedance as well as ratio Rg/rgs and Rl^ds 
(F igure 34). 

In any receiver, performance can be quantified by 
the term dynamic range . Dynamic range can be ex- 
tended by improving the sensitivity to low-level sig- 
nals and by increasing the power handling ability with- 
out being overcome by interfering intermodulation 
products or the effects caused from desensitization. 

There are rules to follow if we are to improve the low- 
level signal sensitivity. Ideally we would like a mixer to 
be transparent, acting only to manipulate the incom- 
ing signals for easy processing by subsequent equip- 
ment. The perfect mixer would have no conversion 
loss and a low noise figure. However, in the preced- 
ing analysis we discovered that optimum inter- 
modulation performance occurred when the signal in- 
put port is mismatched to the quad MOSFETs 
(Figure 34) . It now becomes clear that a perform- 
ance trade-off appears necessary. Either we seek 
low conversion loss and with it a higher noise figure, 
or we aim for the highest two-tone third-order inter- 
cept point. Fortunately, as we seek the latter, our 
dynamic range will actually improve since a mis- 
matched signal port has less effect upon the signal- 
to-noise performance of the mixer than does a 
matched signal port have upon intermodulation 
distortion. 

Convention has identified minimum sensitivity to be 
the weaker signal which will produce an output signal 
that is 10 dB over that of the noise in a prescribed 
bandwidth (usually 1kHz), or 


Sens. = 20 Log ■ Vs + + qe (38) 

Vn 


9 


Desensitization occurs whenever a nearby unwanted 
signal causes the compression of the desired signal. 
The effect appears as an increase in the mixer’s 
conversion loss. 
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The SS8901 As A Commutation Mixer 

Because of package and parasitic constraints, the 
Si8901 is best suited for performance in the HF to low 
VHF region. A surface-mount version may extend 
performance to somewhat higher frequencies. 

In our review of intermodulation distortion, we recog- 
nized that to achieve a high intercept point the local- 
oscillator drive must 

• approach the ideal square-wave, 

• ensure a 50% duty cycle, 

• offer sufficient amplitude to ensure a full ON and 
OFF switching condition, as well as to offer re- 
duced rps when ON. 

Furthermore, to maintain superior overall perform- 
ance - both in conversion loss, dynamic range (noise 
figure) and intercept point - some form of image-fre- 
quency termination would be highly desirable even 
though, understandably, the mixer’s bandwidth 
would be restricted. 

Consequently, the principal effort in the design of a 
high dynamic range commutation mixer is two-fold. 
First, and most crucial, is to achieve a gating or con- 
trol voltage sufficient to ensure a positive and hard 
turn-ON as well as a complete turn-OFF of the mixing 
elements (MOSFETs). Second, and of lesser 


fOTSiliconix 
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importance, is to properly terminate the parasitic and 
harmonic frequencies developed by the mixer. 

Establishing the Gating Voltage 

Local oscillator injection to the conventional diode 
ring, FET, or MOSFET double-balanced mixer is by 
the use of the broadband, transmission-line trans- 
former, as shown in Figure 39. For the diode-ring 
mixer where switching is a funciion of ioop currem, 
or for active FET mixers that operate on the principle 
of transconductance and thus need little gate volt- 
age, the broadband transformer is adequate. If this 
approach is used for the commutation mixer, we 
would need extraordinarily high local-oscillator drive 
to ensure positive turn-ON. Rafuse and Ward used a 
minimum of 2 W to ensure mixing action; Lewis and 
Palmer achieved high dynamic range using 5 Watts! 
The MOSFETs used in these early designs were p- 
channel, enhancement-mode (2N4268 devices with 
moderately high threshold (6 V maximum) and high 
input capacity (6 pF maximum). All of these early 
MOSFET double-balanced mixers relied on the con- 
ventional 50 to 100-0-100 H transformer for local-os- 
cillator injection to the gates. 

A major goal is the conservation of power. This goal 
cannot be achieved using the conventional design. 
Simply increasing the turns ratio of the coupling 
transformer is thwarted by the reactive load pre- 
sented by the gates. 



Figure 39. Local Oscillator Drive Using Conventional Broadband Transformers 
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The obvious solution is to use a resonant gate drive. 
The voltage appearing across the resonant task - and 
thus on the gates - may easily be calculated. 

V = (P • Q • X) 1/2 (39) 

Where, P is the power delivered to the resonant tank 
circuit, 


» to Gates 


L.O. Input 




4, T1 


-o +V GG 




T2 


• to Gates 


Q is the loaded Q of the tank circuit, and 
X is the reactance of the gate capacity. 


Figure 41. Resonant - Gate Drive. T2 is Tuned to 
Resonate with C gs of Si8901 


Since the gate capacitance of the MOSFET is voltage 
dependent, the reactance of the gate becomes de- 
pendent upon the impressed excitation voltage. To 
allow this would severely degrade the IMD perform- 
ance of the mixer. However, we can minimize the 
change in gate capacitance and remove its detrimen- 
tal influence using a combination of substrate and 
gate bias, as shown in Figure 40. Not only does this 
show itself beneficial in this regard, but as we saw in 
Figure 37, a gate bias is necessary to ensure the 
required 50% duty cycle. Furthermore, a negative 
substrate voltage ensures that each MOSFET on the 
monolithic substrate is electrically isolated and that 
each source-/drain-to-body diode is sufficiently re- 
verse biased to prevent half-wave conduction. 



0 -1 -2 -3 -4 -5 -6 -7 -8 


V BS (V) 

Figure 40. Effect of Bias on Gate Reactance 


Implementing the resonant gate drive may take any 
of several forms. The resonant tank circuit may be 
merged with the oscillator, or it can be varactor- 
tuned Class B stage, or as in the present design, an 
independent resonant tank, shown in Figure 41 . 


To ensure symmetrical gate voltage in 180-degree 
anti-phase, if the local-oscillator drive is asymmetri- 
cal, i.e. , fed by unbalanced coax, an unbalanced-to- 
balanced balun must be used (T1 in Figure 41); 
otherwise, capacitive unbalance results with an 
attendant loss in mixer performance. 

Table 9 offers an interesting comparison between a 
resonant-gate drive with a loaded tank Q of 14 and a 
conventional gate drive using a 50 to 100-0-100 H 
transformer. The importance of a high tank Q is 
graphically portrayed in Figure 42. The full impact of 
a high gate voltage swing can be appreciated by us- 
ing Equation 37. Here, as Vq (gate voltage) in- 
creases the intermodulation performance (IMD) also 
improves, as we might intuitively expect. Calculated 
and measured results are shown in Figure 43 and 
demonstrate reasonable agreement. The difference 
may reflect problems encountered in measuring Vq 
as any probe will inadvertently load, or detune, the 
resonant tank even with the special care that was 
taken to compensate. 


Table 9 


Power 

in 

(mW) 

NR Gate 
Voltage 
(V) 

Res Gate 
Voltage 
(V) 

10 

0.20 

5.4 

20 

0.29 

7.7 

30 

0.33 

9.4 

60 

0.44 

13.3 


Comparison of a-c gate voltage versus local- 
oscillator drive between a non-resonant (NR) 
and resonant (Res) tank with a loaded Q of 14 
(Freq. 150 MHz) 
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If we have the option to choose “high side" or “low 
side” injection - i.e., having the local-oscillator fre- 
quency above (high) or below (low) the signal 
frequency - a closer inspection of Equation 37 should 
convince us to choose low-side injection. 



Power L Oi (mW) 

Figure 42. Influence of Loaded Q on Gate Voltage 
vs. L.O. Power 


IMD 

Referred 
to Signal 
(dB) 



0 5 10 15 20 25 

Gate Voltage (V) 


Figure 43. Effect of Gate Voltage on IMD 
Performance 


Terminating Unwanted Frequencies 

If our mixer is to be operated over a restricted fre- 
quency range where the local oscillator and signal 
frequencies can be manipulated, image-frequency 
filtering may be possible. Image-frequency filtering 



does affect performance - for high-side local-oscilla- 
tor injection, an elliptic-function low-pass filter, or for 
low-side injection, a high-pass filter might offer 
worthwhile improvement. In either case, the filter of- 
fers a short-circuit reactance to the image frequency 
forcing the image to return once again for demodula- 
tion. The results of using a low-pass filter with the 
prototype commutation mixer are known from our 
earlier examination of Figures 35 and 36. 



Figure 44. Mask Layout PCM Prototype 
Commutation Mixer 


The resonant-gate drive consisting of a high-Q tank 
offers adequate bypassing of the intermediate 
frequency and image frequency. 

If the IF port is narrow band, filtering may be possible 
by simply using a resonant L-C network across the 
primary of the transformer. 

Design Techniques in Building the Mixer 

The mixer was fabricated on a high-quality double- 
copper clad board shown in Figure 44. An improvised 
socket held the Si8901 . 

The signal and IF ports used Mini-Circuits, Inc., plas- 
tic T-case RF transformers. For the intermediate 
frequency, the Mini-Circuits T4-1 (1:4) was used; for 
the signal, the Mini-Circuits T1-1T (1:1) was used. 
The resonant tank was wound on a one-quarter- 
inch-diameter ceramic form with no slug. The 
unbalanced-to-balanced resonant tank drive used a 
T4-1. The schematic diagram, Figure 45, is for a 
commutation mixer, operating with an IF of 60 MHz. 
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The principle effort involved the design of the reso- 
nant-gate drive. This necessitated an accurate 
knowledge of the gate's total capacitive loading ef- 
fect. To accomplish this, a precision fixed capacitor 
(5 pF) was substituted for the Si8901 , and at reso- 
nance, it was a simple matter to calculate the induc- 
tance of the resonant tank. Substituting the Si8901 
made it again a simple task to determine the 
capacitive effects of the Si8901 . Once known, a 
high-Q resonant tank can be quickly designed and 
implemented. To ensure good interport isolation, 
symmetry is important, so care is necessary in 
assembly to maintain mechanical symmetry, espe- 
cially with the primary winding. 

Performance of the Si8901 Prototype 
Commutation Mixer 

The primary goal in developing a commutation dou- 
ble-balanced mixer is to achieve a wide dynamic 
range. If this task can be accomplished with an atten- 
dant savings in power consumption, then the result- 
ing mixer design should find wide application in HF 
receiver design. 

The following tests were performed. 

® conversion efficiency (loss) 

® two-tone, 3rd order intercept point 
• compression level 


• desensitization level 

• noise figure 

Conversion loss and the intercept point are directly 
dependent upon the magnitude of the local-oscillator 
power. The prototype mixer’s performance is offered 
in Figure 46, where the input intercept and conver- 
sion loss are plotted. 

Both the compression and desensitization levels may 
appear to contradict reason. Heretofore, conven- 
tional diode-ring demodulators exhibited compres- 
sion and desensitization levels an order of magnitude 
below the local-oscillator power level. However, with 
a commutation MOSFET mixer, switching is not ac- 
complished by the injection of loop current but by the 
application of gate voltage. At a local-oscillator 
power level of + 17 dBm (50 mW), the 2-dB com- 
pression level and desensitization level were 
+30 dBm! 

The single-sideband HF noise figure of 7.95 dB was 
measured at a local oscillator power level of 
+1 7dBm. 
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CONCLUSION 

Achieving a high gate voltage to effect high-level 
switching by means of a resonant tank is not a handi- 
cap. Although one might, at first, label the mixer as 
narrow-band, in truth the mixer is wide-band. For the 
majority of applications, the intermediate frequency 
is fixed, that is, narrow band. Consequently, to re- 
ceive a wide range of signal frequencies, the local 
oscillator is tuned across a similar band. In modern 


technology the tuning can be accomplished by 
numerous methods, not the least of which might be 
electronically using varactors. The resonant tank also 
may take several forms. It can be part of the oscilla- 
tor, it can be varactor-tuned driver electronically 
tracking the local oscillator 21 . 

If the local-oscillator drive was processed to offer a 
more rectangular waveform, approaching the ideal- 
ized square wave, we might then anticipate even 
greater dynamic range as predicted by Equation 37. 



Figure 46. Intercept Point & Conversion Loss 
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THE FET CONSTANT-CURRENT SOURCE 


INTRODUCTION 

The combination of low associated operating voltage 
and high output impedance make the FET attractive 
as a constant-current source. An adjustable-current 
source (Figure 1) may be built with a FET, a variable 
resistor and a small battery. For good thermal stabil- 
ity, the FET should be biased near the zero tempera- 
ture coefficient point. 



Figure 1. Field-Effect Transistor Current Source 


A change in supply voltage or a change in load im- 
pedance, will change Ip by only a small factor be- 
cause of the low output conductance goss. 

Md = ( AV ds ) (9 oss) (3) 

The value of g 0 ss is an important consideration in the 
accuracy of a constant-current source. As g 0 ss may 
range from less than 1 jiS to more than 50 ptS ac- 
cording to the FET type, the dynamic impedance can 
be greater than 1 MHto less than 20 kfl. This corre- 
sponds to a current stability range of 1 jjiA to 50 jiA 
per. volt. The value of g oss depends also on the oper- 
ating point. Output conductance g 0 ss decrease ap- 
proximately linearly with Id, becoming less as the FET 
is biased toward cut-off. The relationship is 

_[D = 9 oss (4) 

IDSS 9’ oss v 

where 

9 oss = 9 ’oss (5) 


Whenever the FET is operated in the saturated re- 
gion, its output conductance is very low. This occurs 
whenever the drain-source voltage Vds is significantly 
greater than the cut-off voltage Vgs (off)* The FET 
may be biased to operate as a constant-current 
source at any current below its saturation current 
I dss • 

For a given device where loss and Vgs (off) are 
known, the approximate Vqs required for a given Id is 

Vgs = V G S(off) ^ 1 - ) ] 0) 

where k can vary from 1.7 to 2.0, depending upon 
device geometry. The series resistor Rs required be- 
tween source and gate is 


when 

V GS = 0 (6) 

So as V G s — Vqs (off) » 9 oss — *■ Zero. For best 
regulation, Id must be considerably less than loss* 

It is possible to achieve much lower g 0 ss per unit Id 
by cascading two FETs, as shown in Figure 2. 



Rs = 


Vgs 
■ d 


( 2 ) 


Figure 2. Cascade FET Current Source 
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Now, Id is regulated by Qi andVosi = -Vgs 2 ■ The dc 
value of Id is controlled byRs and Qi. However, Qi 
and Q 2 both affect current stability. The circuit output 
conductance is derived as follows: 


v o = Vdsl + Vds2 = v ds2 + — 

9oss1 


(9) 


Vds2 


Qossl + 9qss2 + 9fs2 
9oss1 + 9f S 2 


( 10 ) 


Figure 2 is redrawn in Figure 3 for the condition Vqsi 
= 0 . 


ip _ OqssI 9qss2 

v o Sossl + 9qss2 + 9fs2 



^ Qossl = 9 0 ss2 


( 12 ) 


9o 


9 oss 

2 + 9fs/ 9 oss 


(13) 


when Rs 4 0 as in Figure 2 


9o 


9oss 2 

^9oss+ 9 fs+R S (9 fs 2 + 9 oss9 fs+ 9oss 2 ) 


(14) 





9qss 2 

9fs (1 + Rs 9fs) 


(15) 


In either case (Rs = 0orRs 7 ^ 0), the circuit output 
conductance is considerably less than the g 0 ss of a 
single FET. 

In designing any cascaded FET current source, both 
FETs must be operated with adequate drain-gate 
voltage Vdg . That is, 


Figure 3. 


ip = *2 + VQS29fs2 = Vds29oss2 - 


9fs2 

Qossl 


v ds29oss29oss1 
9oss1 + 9fs2 


Vdg > Vqs ( off ) , preferably Vdg > 2 V G s(off) ( 16 ) 


(7) 

( 8 ) 


If Vdg < 2 VQS(off). the g 0 ss will be significantly in- 
creased, and circuit go will deteriorate. For example: 
A JFET may have a typical g 0 ss = 4 jiS atVos = -20 V 
and Vqs = 0 . At Vds ~ -VGS(off) = 2 V, g 0S s ~ 
100 p.S. 

The best FETs for current sources are those having 
long gates and consequently very low g 0 ss- The 
Siliconix 2N4869 exhibits typical g 0 ss = 1 JiS at Vds = 
20 V. A single 2N4869 in th circuit of Figure 4 will 
yield a current source adjustable from 5 jxA to 1 mA 
with internal impedance greater than 2 Mfl. 
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The cascade circuit of Figure 5 provides a current 
adjustable from 2 jjlA to 1 mA with internal resistance 
greater than 10 MH. 

Siliconix also offers a line of JFETs with a resistor fab- 
ricated on the device, thus creating a 10% current 
range. The series is called the CR022 (0.22 mA 
range) through the CR530 (5.3 mA range). See the 
data sheet section for specTic part types. The 
devices allow precision designs using a single device 
versus the typical approach using several com- 
ponents. 


Figure 4. Adjustable Current Source 
R s = 1 Mil, 2 W 



Q 1 = 2N4340 
Q 2 = 2N4341 
R s = 1 MTL, 2W 


Figure 5. Cascade FET Current Source 
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LOW-POWER MOSFETS FOR “SMART” TELEPHONES 


Deregulation of the telephone industry has brought 
fierce competition among electronic telephone 
manufacturers. "Smart” phones now provide special 
services, such as automatic re-dial, elapsed time in- 
dicators, repertory dialing, visual display, and many 
other attractive consumer aids. One circuit described 
in this article uses low-power MOSFETs to provide all 
the basic high-voltage switching functions needed in 
an electronic telephone set. 

This article also describes a basic remote-isolation 
device or RID* circuit implemented using low-power 
MOSFETs. RIDs are used to identify telephone link 
problems that result from faults in customer’s equip- 
ment rather than faults in the phone company 
system. A RID is placed on the telephone line at the 
interface between the telephone line and the cus- 
tomer-owned wiring. When the telephone company 
tests the line, a standard test signal activates the 
RID, momentarily disconnecting the customer-owned 
equipment and leaving a standard termination con- 
nected. If the problem is isolated to the customer- 
owned equipment, the telephone company can save 
from $50 to $80 for an unnecessary service call. This 
savings easily justifies the modest cost of the RID, 
and recent legislation encourages their installation on 
all new central office lines in the U.S. 

Electronic Telephone Handset 

Figure 1 shows a block diagram of the essential func- 
tions of a telephone set. On the left side, the tele- 
phone lines (known as tip and ring in the U.S. or as A 
and B in Europe) enter the handset (known as a sta- 
tion set in the U.S.). In Europe, there may also be a 
third line which allows one to signal the operator by 
momentarily connecting this line to the B conductor. 
On the right side of the diagram, separate pairs of 
wires go to the microphone and earpiece. These 
transmit and receive functions are separated by cir- 
cuitry known as a hybrid. On the two-wire (left) side 
of the hybrid, tip and ring carry both incoming and 
outgoing signals. However, on the four-wire (right) 
side, incoming and outgoing signals are separated. 
This prevents speech signals generated by the mi- 
crophone from being repeated with deafening force 
into the ear of the person speaking. Traditionally, the 


hybrid function was provided with a transformer cir- 
cuit; however, in recent times, electronic circuits 
have been contrived to perform the same function. 

A pair of buttons on the top of most handsets oper- 
ate a simple closure switch known as the hookswitch. 
(Named from early telephones that switched when 
the earpiece was hung on a hook.) The hookswitch 
can also be used for pulse dialing. In pulse dialing, 
the loop is repeatedly opened and closed to signal 
dialing instructions to the exchange. Traditionally, this 
is done at a rate of 10 pulses per second. In tone 
dialing, special oscillators (known as dual-tone multi- 
frequency generators) generate tones representing 
the dialing instructions. These tones are normally ap- 
plied across the loop without interruption. 

The bridge circuit shown in Figure 1 is a polarity 
guard that protects the telephone circuitry against 
accidental polarity inversion of the linefeed voltage or 
accidental crossing and substitution of the telephone 
lines. Since this is normally done with pn diodes, the 
1 .5 V dropped across these diodes can limit tele- 
phone circuits designed to operate on long loops 
where only a few volts are available at the end of the 
loop to run the handset. 

The surge protection block prevents the telephone 
circuitry from being damaged by high-voltage 
surges. Telephone lines are typically routed in bun- 
dles with a metallic grounded shield around the bun- 
dle. If the metallic shield is struck by lightning, a high- 
voltage surge is produced on all of the lines in the 
bundle. This surge may run to tens of thousands of 
volts. The most important feature of the protector 
circuit is a carbon block spark gap, which arcs over 
at about 400 V to 800 V. When electronic compo- 
nents are used in the telephone set, this surge needs 
to be further reduced by a circuit comprising resis- 
tors and a metal oxide varistor which breaks over at 
200 V. 

The ring detection circuit is designed to recognize 
the 20-Hz waveform of an incoming ring signal and 
thus produce a ringing tone or a logical output which 
operates a separate ringing-tone generator. In an 
electronic phone, it is often desirable to disable the 


This device has other common names, such as maintenance termination unit and remote disconnect unit. 
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Figure 1 . Electronic Telephone with Solid-State 
High-Voltage Switching Elements 


ring detection circuit when the handset is picked up, 
thus preventing accidental triggering of the ring 
detection circuit. If the station set is used in a hands- 
free telephone application, an off-hook condition 
must be generated to draw current from the line 
while the handpiece is resting on the hookswitch. 
This function, the “forced off hook” capability, along 
with the generation of dial pulse or dial tone signals, 
is initiated by the microprocessor controller, the hall- 
mark of a smart phone. 

In Figure 1 , a number of telephone handset functions 
associated with high-voltage switching are illustrated. 
These switching functions are ideally provided using 
low-power MOSFETs, regardless of how the control- 
ler, DTMF generator, hybrid, and other components 
are implemented. Inside this box, a 5-V power supply 
draws a small amount of power from the telephone 
line and generates the 5 V of power needed to run 
the low-power CMOS logic in the handset. The polar- 
ity-guard diode bridge is synthesized from low-cost 
power MOSFETs which provide the same protection 


as the diode bridge without interposing a fixed 1.5-V 
drop into the telephone loop. A switch provides the 
hookswitch function, and when pulsed on and off, it 
can also be used for dial pulse signaling. A ring dis- 
connect switch disconnects the ring detector when 
the handpiece is picked up, and a recall switch mo- 
mentarily connects the recall line to the more nega- 
tive of the two telephone conductors when a 5-V sig- 
nal is applied to the recall input. Logic signals tell the 
microprocessor when its power supply has reached 
full voltage so the microprocessor functions can be- 
gin. 

Figure 2 shows the detailed implementation of the 
handset switching circuit. At all times, the intrinsic 
diodes of the MOSFET bridge, consisting of transis- 
tors Q1 through Q4, bleed through small amounts of 
current of the correct polarity. This current passes 
through the 10-Mfl resistor, R1 , to the 10-V zener 
diode, Z1, connected by a 100-kfl resistor to the 
gate of Q9. Thus the 10-MH resistor is permanently 
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Figure 2. High-Voltage Switching Circuit for Telephone Handset 


connected across the telephone loop. The 4.8 jxA 
drawn from the -48-V central office battery is 
acceptable in most telephone systems; however, if 
necessary, a 50-MO, resistor may be substituted for 
the 10-MU resistor without any significant deleterious 
effect. Normally, when the handpiece is on the hook, 
Z1 is shorted to ground by the hookswitch. This 
hookswitch, by the way, carries only this extremely 
small current and thus can be a very low-cost item 
without any of the mechanical precautions needed 
for switching telephone loop currents. When -the 
hookswitch is opened, 10 V from Z1 is applied to the 
gate of transistor Q9, turning it on. Q9 provides two 
functions. First, it allows sufficient current to be 
drawn through the 4.7-kO resistor, R4, to tell the 
telephone exchange that the receiver is off the hook, 
thus stopping the ring and providing a dial tone. Sec- 
ond, Q9 causes current to be pulled through Z2 and 


R3, turning on the p-channel transistor, Q11. When 
turned on, Q11 allows the telephone loop current to 
pass through the 3.9-kfl resistor, R5, and into the 
5-V zener diode, providing a 5-V power supply for all 
the parts of the handset circuit that require it. If this 
is primarily low-current-drain CMOS logic, adequate 
current should be available, although a more elabo- 
rate voltage regulator could be provided. 


The 5-V supply powers the two CMOS inverters, II 
and 12, which act as a 2 MHz oscillator. (This oscilla- 
tor will work only with the exact components called 
out; different resistors or capacitors might be 
needed with substitute parts.) The outputs from this 
oscillator power the four resistor diode networks that 
produce approximately 8 V to drive the gates of Q2, 
Q4, Q5, Q6, and Q7. The nand gates in front of the 
networks driving Q2 and Q4 are gated by sensing 
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signals obtained from the polarity of the incoming 
telephone lines, so Q4 and Q2 act as highly efficient 
rectifier diodes. Q5 and Q6 are depletion-mode or 
normally-on transistors which allow ring signals to 
come through the ring signal detector. (Capacitive 
coupling is used to the ring detector.) When the 
power supply is brought up, Q5 & Q6 are turned off, 
and from then on, the ring detector is disconnected. 

Tronplotni' H7 oar\r oo + f\ i i/~\ r-> \«/Kioh rv-i npt noorlx/ 


replaces the original switch hook function. When the 
power supply comes up, it turns on, connecting the 
speech circuit (another name for the hybrid) to the 
telephone lines. Finally, when the 5-V power supply 
comes up, Q12 turns on, giving a low output to the 
microprocessor start pin and telling the microproces- 
sor that it can safely commence functioning. 


One of the first controller functions is to initiate dial- 
ing. This can be done using tone dialing, using a 
DTMF generator placed across the telephone lines 
(as shown in Figurel), or by using pulse dialing in 
which case logic signals are applied to the dial pulse 
input pin. This turns off the current to the power sup- 
ply, causing the current from the loop to be low 
enough to register as a dial pulse at the exchange. 
To keep the power rail from dropping to zero, Q13 is 
used to shut down the oscillator temporarily so that it 
does not drain more current from the 10-jjlF power 
supply capacitor. Meanwhile Q2, Q4, Q5, and Q6 are 
maintained in their states for the 100-ms pulse by the 
0.1 -jxF capacitors placed between gate and source. 
Thus, the immediate effect of a dial pulse input is to 
turn off Q7 and Q9, so that no more current is drawn 
from the loop while the rectifier bridge and ringer dis- 
connect switches are unaffected. The application of 
a logic signal to the forced off-hook terminal when 
the hookswitch is closed turns on Q9 and the 5-V 
power supply regardless of the state of the 
hookswitch. 


Application of a 5-V signal to the recall pin simply 
turns on the recall switch, Q8, regardless of the state 
of the rest of the circuit. 

The switching circuit closely mimics the functioning 
of the mechanical switches in a traditional telephone. 
When an off-hook condition is detected from the 
hookswitch or commanded by the controller, current 
is drawn from the loop and the speech circuit is con- 
nected to the telephone loop. Application of dial 
pulses to the dial pulse input causes momentary cur- 
rent cessations to simulate pulse dialing. The polarity 
guard rectifies the incoming signal with no voltage 
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drop, producing an output with constant polarity, re- 
gardless of misconnections. The circuit produces a 
5-V power rail for operation of the entire system, and 
sends a low signal to the microprocessor when this 
has been achieved. 

The Remote Isolation Device (RID) 

A remote disconnect circuit is shown in Figure 3. 
Several types of remote disconnect circuits are em- 
ployed internationally. In the U.S., the Bell System 
uses a device called a maintenance termination unit 
or MTU, which uses TRIACS to momentarily discon- 
nect the customer during line testing. In Europe, a 
remote disconnect circuit is planned to both discon- 
nect the customer and send a standard-test tone on 
the line to the exchange. Independent telephone 
companies in the U.S. call their circuit a remote iso- 
lation device. 

Each of these circuits has slightly different triggering 
conventions. It is critical to avoid accidental trigger- 
ing, so these circuits use a sustained positive voltage 
that is larger than normally encountered in regular 
telephone service. The circuit described here uses a 
1-s, +130-V signal to either tip or ring to activate the 
device. The circuit must not be triggered by brief 
transient voltages above this level, like those associ- 
ated with longitudinal pickup or ringing signals. In ad- 
dition, -it must be essentially transparent to all the 
normal telephone signals. 

Figure 3 shows that when a positive voltage above 
ground potential is applied to either tip or ring, it is 
steered by the diodes to the top end of capacitor Cl , 
charging it up to the line potential. If the voltage ex- 
ceeds 90 V for more than a second, Q1 turns on, 
which, in turn, turns on Q3. If the voltage is then re- 
duced, diode D1 will reverse bias as the line voltage 
decreases below the voltage on Cl . When the re- 
verse bias exceeds 2 V, Q1, a p-channel device, is 
biased on. When this happens, the potential of the 
node at the top end of Cl is abruptly pulled down to 
either the new line potential or ground, whichever is 
more positive. The potential on the lower side of Cl , 
which is now large and negative, is then applied 
through Q4 to the gates of Q5, Q6, Q7, and Q8, turn- 
ing off these depletion-mode transistors. Q4 ensures 
that there is no path to ground from tip and ring 
through D2 when the switching mechanism has not 
been triggered. The resistor diode network associ- 
ated with the sources and gates of Q5, Q6, Q7, and 
Q8 ensures that charging the 1-jxF capacitors is not 
prematurely terminated by turning off the switches. 
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Figure 3. Remote Isolation Device Circuit 


The circuit will respond to a 1-s, +100-V or greater 
potential on tip or ring by turning off both switches for 
approximately 10 s. It is not triggered by transient 
pulses above 100 V, nor by sharp pulses or noise on 
the line, and it is not affected by the normal negative 
voltages used in telephone service. When the +135-V 
signal is applied, the disconnect does not occur until 
the voltage is reduced below the original level. Once 
triggered, the disconnect cannot be negated by the 
application of other potentials, even if they are 
greater than 130 V. The functioning is not affected if 
tip and ring are interchanged. 


Conventionally, telephone companies place a recog- 
nizable impedance across the line in front of the re- 
mote isolation device. This is frequently a diode in 
series with a 400-kH resistor, so the variation of im- 
pedance with polarity can be observed when the cus- 
tomer has been disconnected. 


Those who plan to build a remote isolation device 
should consult the detailed network requirements of 
the telephone companies involved to make sure that 
all applicable regulatory requirements, such as those 
imposed by the FCC, are met. The circuit shown 
here requires a resistor and varistor protector to pro- 
tect it against overvoltages in excess of 240 V, such 
as those associated with a power cross where a 
power line touches the telephone line. 


The low-power MOSFETs that provide all the basic 
high-voltage switching functions for the telephone set 
and the RID circuits presented in this article are avail- 
able from Siliconix. In addition to standard enhance- 
ment-mode MOSFETs, we also offer depletion-mode 
options that provide a convenient interface with the 
economical gate-drive circuits used in many tele- 
phone systems. Siliconix has a well-established his- 
tory as a supplier of rugged, high-voltage MOSFETs 
for the worldwide telecommunications industry. 
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P-CHANNEL MOSFETS 

THE BEST CHOICE FOR HIGH-SIDE SWITCHING 


Ed Oxner 

Central Applications 

Historically, p-channel FETs were not considered as 
useful as their n-c'nannei counterparts. The higher 
resistivity of p-type silicon resulting from its lower 
carrier mobility put it at a disadvantage compared to 
n-type silicon. 

Getting n-type performance out of p-type FETs has 
meant larger area geometries with correspondingly 
higher inter-electrode capacitances. Consequently, a 
truly complementary pair — a p-channel and an 
n-channel device that match in all parameters — is 
impossible. 

Another obvious shortcoming is that, despite the 
availability of low-threshold devices, no p-channel 
MOSFET is “logic compatible.” 

Yet, despite its shortcomings, the p-channel MOSFET 
performs a vital “high-side” switch task that the n- 
channel simply cannot equal. 

Used as a high-side switch, a p-channel MOSFET in a 
totem-pole arrangement with an n-channel MOSFET 
will simulate a high-current, high-power CMOS 
(complementary MOS) arrangement. Although the 
p-channel MOSFET cannot complement the n-chan- 


nel in both on-resistance and capacitance simultane- 
ously, such combinations as the iow-ihreshoid p- 
channel TP0610 and the n-channel 2N7000 together 
offer outstanding performance as a complementary 
pair. 

CIRCUIT APPLICATIONS 

Switching Ground-Return Loads 

The principal application of the p-channel, enhance- 
ment-mode MOSPOWER FET is in switching power 
(or voltage) to grounded (ground return) loads. 

To drive the FET properly, the gate voltage must be 
referenced to its source. For enhancement-mode 
MOSFETs, this gate potential is of the same polarity 
as the MOSFET’s drain voltage. To turn on, the n- 
channel MOSFET requires a positive gate-source 
voltage, whereas the p-channel MOSFET requires a 
negative gate-source potential. 

During switching, a MOSFET’s source voltage must 
remain fixed, as any variation will modulate the gate 
and thus adversely affect performance. Figure 1 
shows this degradation by comparing n-channel and 
p-channel MOSFET high-side switching. 


N-Channel P-Channel 



Fjgure 1 . Comparing the Performance Between N-Channel and P-Channel Grounded-Load Switching 
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If an n-channel, enhancement-mode MOSFET were 
switching a positive-polarity voltage to a grounded 
load, the output would be limited toVQG-Vth- 

The equations describing performance of the n-chan- 
nel ground-switching MOSFET with a ground-refer- 
ence gate drive are based on the relationship be- 
tween Vqd and Vqg : 

If V D d > Vqg . then Vo = Vqg - Vthi 


If Vdd < Vqg , then Vq = Vqd - I L r DS(on) ■ 


Sustaining a more acceptable gain with an output in 
direct relation to Vdd would require an isolated gate 
drive referenced to the source, as shown in Figure 2. 




Figure 2. Floating Gate Drive 


Bootstrapping the n-channel MOSFET (see Figure 3) 
is quite satisfactory for short turn-on times of a few 
milliseconds. In this arrangement, both MOSFETs 
must have breakdown voltage specifications that 
match or exceed the rail voltage. 

Using a p-channel MOSFET in the configuration 
shown in Figure 1 (b) may place some severe re- 
straints upon the gate drive, since the gate must be 
close to Vdd- To return gate control to a more ac- 
ceptable logic format, add an n-channel MOSFET as 
shown in Figure 4. 

Using an n-channel MOSFET in this way simplifies the 
gate drive for a high-voltage, high-side, p-channel 
MOSFET. Placing a Zener diode between the gate 


LPD-17 

and rail ensures that V(br)gss will not be exceeded. 
Again, both MOSFETs must withstand the full rail volt- 
age. 



Figure 3. Bootstrapping for N-Channel 
Ground-Loaded Switching 



Figure 4. Using an N-Channel Level-Shifter 
Simplifies Driving from Logic 


Half-Bridge (Totem Pole) 

The high-side p-channel MOSFET coupled to a low- 
side n-channel MOSFET with common drains (shown 
in Figure 5) makes a superb high-current “CMOS 
equivalent” switch. One fault common to such 
circuits has been the excessive crossover current 
during switching that may occur if the gate drive 
allows both MOSFETs to be on simultaneously. 
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Figure 5. Low-Voltage Complementary 
MOSPOWER Array 

At high rail voltages (both +Vdd and -Vqd) , properly 
driving the MOSFET gates can minimize unwanted 
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crossover current, as Figure 6 shows. When the out- 
put stage uses high-power MOSFETs, a resistively- 
coupled lower-power complementary pair offers ex- 
tremely low crossover current. The Zener, Z1, and 
resistors, R1 and R3, act as a level shifter, properly 
driving the low-power MOSFETs. The Zener may be 
selected according to the equation 

VzENER = 2 V DD - | V t h| 
where + Vqd “ V DD 

Whatever crossover current that might occur in the 
low-power drivers is dramatically reduced by the se- 
ries resistor, R4. Additionally, driving the high-power 
complementary pair using this resistor divider 
scheme ail but eliminates crossover current in this 
critical output driver. This increases both the driver’s 
efficiency and its reliability. 
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DEPLETION-MODE MOSFETS EXPAND 
CIRCUIT OPPORTUNITIES 


INTRODUCTION 

A principal advantage of the depletion-mode MOSFET 
is its ability to perform at higher operating voltages 
than its JFET counterpart. As a depletion-mode 
structure, the MOSFET permits the added flexibility of 
allowing the gate potential not only to be higher but to 
be of either polarity. Earlier, small-signal MOSFETs 
were classed as being quite sensitive to ESD. With 
the introduction of the ND2020 and ND2410 series, 
sensitivity to ESD has been greatly reduced. 

Perhaps the only short coming for the depletion- 
mode MOSFET is its higher-than-JFET noise perform- 
ance. Where the JFET has been perceived as a 
“noiseless” transistor, the MOSFET does not share 
that renown. 

Depletion-Mode vs. Enhancement-Mode 

Three Classes of FETs 

There are three classes of FETs, both n- and p-chan- 
nel, that are identified by the mnemo A, B and C. 
Class A encompasses the whole field of junction 
FETs (JFETs). Class B includes those that are identi- 
fied as depletion-mode MOSFETs, and Class C in- 
cludes those recognized as enhancement-mode 
MOSFETs. Figure 1 illustrates the basic differences 
that distinguish the various classes and also demon- 
strates how these classes differ with respect to bias- 
ing. 

In the symbols used in Figure 1 , the solid bar identi- 
fies a depletion-mode FET (current conduction at 
zero bias); the broken bar identifies an enhance- 
ment-mode MOSFET (zero conduction at zero bias) . 


Note that although Class A and B are both classified 
as depletion-mode, Class B radically differs in that 
depletion-mode MOSFETs are also capable of 
performance in the enhancement-mode region. This 
distinction is only achievable for Class B. Although 
neither Class A (JFETs) nor Class C (MOSFETs) can 
perform beyond their respective mode, Class B - the 
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depletion-mode MOSFET - is capable of operation in 
both modes! 

Perhaps the simplest definition of depletion-mode 
operation is shown by the transfer characteristic (bi- 
asing) curves offered in Figure 1 (b). Drain current is 
reduced to zero when the gate voltage reaches a 
critical cutoff voltage, opposite in polarity to that of 
the drain voltage. The n-channel JFET (or Class B 
MOSFET) has a positive-polarity drain voltage and is 
controlled by a negative-polarity gate voltage. Why 
the Class B MOSFET may also perform in the 
enhancement-mode is made clear by study of the 
structure. 

The Structure of MOSFETs 

All MOSFETs are classified as either depletion-mode 
or enhancement-mode. Although they can be fabri- 
cated as n- or p-channel, generally we find n-channel 
MOSFETs in either mode and p-channel MOSFETs 
available only as enhancement-mode devices. 

There are, however, three fundamental styles of 
MOSFETs regardless of mode. The classic planar 
MOSFET, shown in cross-section in Figure 2, the 
short-channel double-diffused MOSFET (DMOS FET), 
shown in Figure 3, and the vertical power MOSFET, 
shown in Figure 4. The features of each style are dis- 
tinguished by performance. 

When viewing the cross section, the distinguishing 
feature that quickly identifies the mode is whether a 
diffused channel spans the gap from source to drain. 
No visible channel (Figure 2a, 3a, and 4a) identifies 
the enhancement-mode MOSFET. 

The Performance of a Depletion-Mode 
MOSFET 

Regardless if the MOSFET is n- or p-channel, the fun- 
damental difference in performance focuses on 
whether the MOSFET is a depletion-mode or an en- 
hancement-mode device. An important, but secon- 
dary difference lies in the style of MOSFET: planar, 
DMOS, or vertical. The principal differences are clari- 
fied as we study the transfer characteristics (bias- 
ing), shown in Figure 1. 
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Figure 1. Classification of FETs 


The transfer characteristics of the n-channel, deple- 
tion- mode MOSFET are shown in Figure 1 (b) . Be- 
cause the gate is isolated (see Figure 2b) , Vqs can 
be reversed without creating a gate current. The gate 
may be made either positive or negative with respect 
to the source. By allowing the gate-to-source poten- 


tial to go positive and increasing the magnitude of 
gate voltage, additional free electrons will be at- 
tracted beneath the gate oxide further enhancing the 
diffused channel and allowing Ip to become greater 
than I dss I 
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Figure 2. Classic Planar MOSFETs 


Figure 3. Short-Channel Double-Diffused MOSFET 




Figure 4. Vertical Power MOSFET 


This mode of operation results in a unique series of 
output characteristics where, for the n-channel de- 
pletion-mode MOSFET, we see near-linear perform- 
ance in what appears as the enhancement region. 
This performance is shown in Figure 5. The foregoing 


establishes that the depletion-mode MOSFET is a 
“normally on” device; that is, when Vqs = 0, Id = 
Idss • When a normally off device is needed, the en- 
hancement-mode MOSFET is selected. 
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Applications For Depletion-Mode MOSFETs 



magnitude of the output conductance of the MOS- 
FET. 


As a Current Regulator 


dip = d V DS 9os 


(3) 


The ideal current source supplies a fixed current to a 
load independent of the impressed voltage. Such a 
source would exhibit zero output conductance. Aside 
from the fact that depletion-mode MOSFETs can han- 
dle higher voltages and greater currents than most 
JFETs, they exhibit two characteristics which provide 
near-ideal performance as a current regulator. First, 
when the impressed voltage exceeds pinchoff, Vp , 
the saturation characteristics exhibit near-constant 
current (low output conductance) over a wide volt- 
age range (see Figure 5). Second, performance as a 
depletion-mode transistor allows for simplified bias- 
ing to achieve the desired results. 



Figure 5. Output Characteristics N-Channel 
Depletion-Mode MOSFET 


Basic Regulator Circuit 
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Figure 6. Basic Regulator Circuit 

A typical constant-current regulator circuit that em- 
ploys a depletion-mode MOSFET is shown in Figure 
6. As with any depletion-mode FET, the lower the ra- 
tio between Ip and loss the better the regulation, as 
shown in Figure 7 and Table 1 . 



For a given device where loss andVos(off) are both 
known, the value of bias required to establish the 
regulating current may be approximated by 


V D s (V) 

Figure 7. Output Characteristics of 

a depletion-mode MOSFET 


Vgs= V G s(off) M - — — | * 

V. 'dss ; 


( 1 ) 


The biasing resistor, Rs, required in the source of 


the MOSFET is 


Rs 


VGS 

Id 


( 2 ) 


A change in either supply voltage or load impedance 
will change the regulating current in proportion to the 


Table 1 


'd 

Idss 

% Regulation 

0.02 

0.5 

0.05 

1.0 

0.10 

1.5 

0.20 

2.5 

0.30 

3.5 
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Extending Power Level Using MOSPOWER 

The n-channel, depletion-mode MOSFET can be used 
in conjunction with an enhancement-mode power 
device to give an appreciable boost to the power 
handling capability of a current regulator. Such a 
power regulator circuit is shown in Figure 8, where 
both the operating voltage and regulating current are 
set by the selection of the MOSPOWER FET, Q2. 
Regulation may suffer somewhat when using large 
MOSPOWER FETs due to the higher g Q s typical of 
large power FETs. Q2, operating in the linear mode, 
will, in all likelihood, require a heatsink. The basic 
regulator circuit, Q1 and Rs. is used to establish a 
small bias current that, in conjunction with R1 , sets 
the bias level for the enhancement-mode 
MOSPOWER FET. 
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much power. In most systems, current drain in ex- 
cess of 10 to 15 p.A will alert the central office to an 
“off hook” condition and the subscriber’s phone is 
presumed "busy.” A simple depletion-mode regula- 
tor using the ND2410 can satisfy these requirements 
very economically. As shown in Figure 9, the deple- 
tion-mode MOSFET is used in a current-regulator 
mode to supply 10 jjlA to a 500-kH load. This estab- 
lishes a voltage of 5-V to power the memory circuit. 
If the memory requires 2 microamperes, only 8 pA 
will flow through the resistor, and the voltage drops 
to 4 V, which is sufficient to sustain the memory. 
Should the telecom line rise to 60 volts, the current 
regulator continues to supply a fixed 10 pA to the 
load; the surplus voltage is dropped by the MOSFET. 
The regulation is not precise, but more than sufficient 
to provide a simple and reliable solution. Alternatives 
such as 3-terminal bipolar regulators require high 
bias currents (over 1 mA) and are not readily avail- 
able to sustain the high voltages necessary for use 


on telephone lines. 
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Figure 8. Extended-Range Current Limiter Figure 9. Telecom Voltage Regulator for 

Memory - Resident Redialing 


A Simple Regulator for Telecom 

Modern telephone handsets are steadily increasing 
their electronic content. Useful features, such as a 
memory to retain the last number dialed, require 
constant voltage to retain the information in memory. 
Typically, small memory ICs require only a few 
microamperes at 3 to 4 V to perform. This sustaining 
voltage must be available at all times, even when the 
phone is inactive or “on hook.” Some handsets use 
a small battery cell to fill this need, while other de- 
signs use the -48 V which is available from the tele- 
phone line. 

To utilize the incoming line, one needs to reduce the 
voltage and loosely regulate it, without consuming 


As a Switch 

When considering a switch, we usually select one 
whose natural, quiescent state is either normally-on 
or normally-off. With no applied power (or voltage), 
the depletion-mode MOSFET is normally-on. 

Improving the dV/dt of Thyristors 

The ND2410 can be used very effectively in power 
SCR circuits to improve the critical dV/dt rating. Spu- 
rious turn-ON of an SCR caused by dV/dt can result 
in permanent damage to an SCR or an out-of-se- 
quence turn-ON that can have disastrous effects in 
high-powered phase-control equipment. 
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Figure 11. Depletion Mode Active Shunt 


Figure 10. dV/dt Triggering of SCRs 


Traditionally, SCRs fired by pulse transformers have 
used a resistor from gate to cathode to shunt false 
gate signals caused by dV/dt as shown in Figure 10. 
This method requires a large wattage resistor, since 
the normal gate trigger signal is also applied across 
the resistor. The resistor, therefore, shunts part of 
the normal gate current, thus reducing the signal 
available for adequate turn-on of the SCR. The ideal 
solution would be a shunting resistor that seems to 
disappear when a normal gate signal is applied. 

Just such an effect can be achieved using the nor- 
mally on feature of the ND2410 as shown in Figure 
11. With no gate pulse applied, the depletion-mode 
transistor is “on” with an equivalent resistance of 
about 10 Cl. When the gate current is applied, the 
voltage drop across Rqs turns the transistor off, 
allowing all of the gate current to flow through the 
SCR gate. 


Since the MOSFET turns off in a few nanoseconds, it 
has very little effect on normal SCR operation. In an 
actual experiment, the dV/dt of a 25-A SCR (similar 
to a 2N692) was improved from 300 V/jjls (with no 
gate shunt network) to 2000 V/jis with the depletion- 
mode shunt. 

Some suggestions for effective operation: 

1 . Use a fast-rising gate pulse: I g > 3 x I g t 

2. The shunt should be located as physically close 
to the SCR gate terminal as possible to reduce 
the winding inductance and noise pick-up from 
long gate wires. 

3. R GS > V - GS <° f f> . 

Ig 

4. Do not use with non-isolated gate drive circuits; 
a pulse transformer should be used. 
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APPLYING MOSFETS IN LOW VOLTAGE CIRCUITS 


INTRODUCTION 

The application possibilities for low-power MOSFETs 
are so numerous that they often are suitable for use 
in low-voltage circuits (5 to 15 V) as replacements 
for bipolars or as switches driven by digital integrated 
circuits. Lamp and relay drivers, small motor con- 
trols, and stand-by power-transfer switches are just a 
few of these popular low-voltage circuits. These 
applications deserve special consideration as they 
highlight one of the important differences between 
MOS and bipolar technology: MOS is voltage con- 
trolled, while bipolar devices are current controlled. 
Applying MOSFETs in these low-voltage circuits is 
greatly simplified by the availability of low-threshold 
MOSFETs from Siliconix. 

Transfer Characteristics 

To better understand the performance of MOSFETs in 
low gate voltage applications, one can examine the 
transfer characteristics of a typical device shown in 
Figure 1 . 


>d 

(A) 



0 2 4 6 8 10 


Vqs (V) 


Figure 1. Normalized Transfer Characteristics 
2N6786 


To realize the full rated Id current, a gate drive of 
approximately 7 volts is required. At the typical 


Richard L. Bonkowski 

“high” state output of a TTL gate (3 to 4.5 V), this 
transistor could be completely “off” or, at best, con- 
ducting only 10 or 20% of rated current. A curve for a 
Siliconix low-threshold transistor, the 2N7000 FET- 
lington, is shown in Figure 2. 



0 2 4 6 8 10 


Vgs (V) V BE 

Figure 2. Normalized Transfer Characteristics 
2N7000 


At TTL drive levels, this device can conduct 40 to 
100% of its rated current. It should be noted that TTL 
is normally considered to be “5-V logic,” but practi- 
cal available gate drive is generally to 4.5 V. If the 
transfer characteristic of a small bipolar transistor 
was shown on the same scale as the 2N7000, one 
could see the relative independence of collector cur- 
rent once a base voltage level greater than 0.7 V is 
applied. 


Benefits of Low Vt 


Siliconix low-threshold MOSFETs offer the user a real 
advantage in applying the benefits of low losses and 
high switching speed to low-voltage circuits. At low 
switching frequencies, the gate drive power required 
by MOSFETs is virtually nil, compared to the 1 mW or 
more required by comparable bipolars. Because 
MOSFETs are essentially resistive in the “on” state, 
conduction losses can be significantly less for MOS 
than for bipolar devices. 
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Logic-Level Applications 
TTL Gate Drives 

While TTL gates operate from 5 V, the typical voltage 
available at a gate output is 3.5 V. This is clearly in- 
sufficient to drive a normal MOSFET whose threshold 
voltage can be 4.0 V. LowVj MOSFETs can some- 
times be used in such applications, if only a small 
fraction of their rated current is needed or a higher 
r DS(on) can be tolerated. A a better solution is to use 
open-collector TTL and a pull-up resistor to the 5-V 
bus, as shown in Figure 3a. 



(b) 


Figure 3. Open Collector TTL Gate Drive 

This technique will provide a greater drive voltage, 
and the designer can use the data from Siliconix data 
sheets showing the ros(on) for 4. 5-V gate drive. Of 
course, open collector TTL, connected to a 10- or 
15-V supply (Figure 3b) is an even better solution, 
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allowing the designer to achiever even greater turn- 
on of Siliconix lowVy MOSFETs or use of our normal 
threshold MOSFETs. 

The designer should also bear in mind that the 
switching speed of the MOSFET is dependent on the 
gate driver’s ability to source and sink peak current 
to charge and discharge the input capacitance of the 
FET. Typical TTL can source about 1 .0 mA per gate 
and sink about 10 mA. For very high-speed applica- 
tions or to drive large MOSFETs, an intermediate 
buffer may be needed. For a more complete discus- 
sion of gate drive requirements, see the Siliconix 
MOSPOWER Data Book (1988), page 9-18. 

CMOS Gate-Drives 

Because CMOS logic can operate from 10- or 15-V 
supplies, it seems more naturally compatible with 
MOSFET transistors. While this solves the Vqs prob- 
lem, speed can still be an issue as CMOS gates 
usually switch slower than TTL. CMOS gates are also 
limited in source and sink current, but may be paral- 
leled if additional drive is needed. External buffers 
may be used with CMOS, as previously suggested for 
bipolar TTL. 

Low-Voltage Circuits 

Circuits powered by batteries are of particular inter- 
est for MOSFET applications. Because MOSFETs can 
be more power efficient than bipolars, they can be 
used to great advantage in battery powered applica- 
tions. 

In 12-V circuits, conventional MOSFETs are readily 
applicable. At lower voltages (eg. a 6-V Ni-Cad 
source) or at low temperatures in automobiles (cold- 
cranking can drop the battery voltage to 5 V), the 
designer must be aware of gate drive conditions. For 
the 12-V “cold cranking” situation or a 6-V Ni-Cad 
near discharge (5 V), the Id(ON) and rosfon) data at 
4.5 V is particularly important. 

Figure 4 shows a typical automotive application for a 
“high-side switch” or solid-state relay. The gate volt- 
age for the high current MOSPOWER switch is sup- 
plied from a voltage doubler 1C (Si7661). To prevent 
activation of a load under low battery conditions, Q2, 
a low-threshold 2N7000 prevents Q1 from turning on, 
even if only 4.5 V of gate control is available from a 
cold battery. If Q1 could not be held off, control of a 
non-essential load (lights, radio, etc.) might be lost, 
further burdening the battery during starting. 
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Figure 4. Automotive High-Side Switch 


Low-Threshold P-Channel MOSFETs Design Considerations 


Most of this discussion has focussed on n-channel 
transistors because of their wide selection, low cost, 
and better availability. High-side switches, as shown 
in Figure 5, can be easily implemented with p-chan- 
nel MOSFETs and open-collector or open-drain logic 
at low-voltage levels. 

Figure 5 High-Side P-Channel Switch 

The threshold of the p-channel is not usually critical 
unless the supply voltage is very low. With a 12-V 
supply and a 4-V threshold, 8 V are available to en- 
hance conduction of the FET. If The supply were only 
5 V, the enhancement would be minimal and ros(on) 
would be very high. A low-Vj transistor, such as 
TP0610, should be used in this case. 


LOAD 



Figure 5. High-Side p-Channel Switch 


When using low-threshold MOSFETs, one should be 
aware of the changes in Vj due to environmental 
conditions. At high temperatures, Vy decreases. A 
device with a 1 .0-V threshold at 25 °C might drop to 
0.5 or 0.6 V at 150 °C. Under these conditions, the 
MOSFET could gate-on due to electrical noise or fail 
to switch off if the pull-down circuit cannot dropV gs 
to a low enough value. Operation in an environment 
susceptible to radiation (e.g., x-rays) can perma- 
nently depress Vy, resulting in false turn-on due to 
noise or depletion-mode operation, that is, a nor- 
mally-on state requiring a negative gate voltage for 
turn-off. 


When comparing MOSFETs, be aware that some 
manufacturers achieve low Vj through the use of 
thinner gate oxides. This lowers the maximum gate 
voltage rating of the transistor (Siliconix parts are all 
rated for at least ±20 V and makes them more sus- 
ceptible to ESD (electrostatic discharge) damage. 
Transistors rated at ±15 V maximum gate voltage 
should be used and handled with proper caution. 


CONCLUSIONS 


Understanding and attention to proper gate drive is 
essential for successful application of MOSFETs. In 
many instances, low Vj Siliconix MOSFETs are a 
ready solution to achieve economical circuit design 
where limited gate drive is available. The following 
table shows some of the more popular Siliconix low- 
threshold parts and their performance with gate sig- 
nals of 5 V or less. 
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Table 1 Siliconix Low Threshold MOSFETs 
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Part Number* 

V(BR)DSS 

V T (MAX) 

(V) 

Low Vqs Performance 
r DS(ON) 

( a) 

Vgs 

(V) 

VN0300 

30 

2.5 

3.3 

5 

VN0610 

60 

2.5 

7.5 

5 

VN10 

60 

2.5 

7.5 

5 

VN2222 

60 

2.5 

7.5 

5 

VN66 

60 

2.5 

5 

5 

VN67 

60 

2.5 

5 

5 

VN80 

80 

2.5 

5 

5 

2N6661 

90 

2.0 

5.3 

5 

VN1206 

120 

2.0 

10 

2.5 

VN1210 

120 

2.0 

10 

2.5 

VN1706 

170 

2.0 

10 

2.5 

VN2406 

240 

2.0 

10 

2.5 


*Note: Only the first few significant digits are given 
for some part numbers. Each family con- 
sists of a variety of package options indi- 
cated by suffix letters. Package style deter- 


mines the thermal performance of the product which, 
in turn, determines current and power capabilities. 
See the individual data sheets for complete perform- 
ance data. 
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AN ULTRA-BROADBAND ANALOG SWITCH 

Ed Oxner 


Many TTL and CMOS-compatible analog switches are 
commercially available, but none operate usefully 
into the UHF region. The following instructions de- 
scribe how to make one that does. 

The heart of the ultra-wideband analog switch is the 
Siliconix SD210DE series of small-signal enhance- 
ment-mode double-diffused MOS (DMOS) FETs. This 
series features low on-resistance and low inter- 
electrode capacitances--an unusual combination. In 
either a 50- or a 72-fl system, the SD210DE DMOS 
FET provides reasonably low insertion loss when on 
and excellent off-isolation when off. 

In this design, the “T” configuration (see Figure 1) 
was chosen for its optimum off-state performance 
over a wide dynamic and frequency range. The con- 
figuration uses a pair of DMOS transistors tied back- 
to-back; that is, with sources in common and the 
drains acting as the input and output. The shunting 
DMOS transistor contributes to the high off-isolation 
when the switch is off. The body terminal of each 
SD210DE is electrically tied to its respective source. 
As with any DMOS FET, tying the body to the source 
forms a body-drain diode across the MOSFET. In the 
SD210DE, body-drain diode conduction occurs at 
close to 0.5 V. 


IN r+ * 1 r OUT 



Figure 1. Electrical Schematic of 
Broadband Switch 


A high dynamic signal (in this case, +10 dBm) across 
50 n results in an rms signal voltage of 0.707 V. This 


would be sufficient to cause forward conduction 
through the body-drain diode irrespective of gate 
control, resulting in an off-isolation loss. Using a pair 
of DMOS FETs in the “T” configuration places one of 
the two diodes in opposition (i.e., in reverse conduc- 
tion). As a consequence, the off-isolation remains 
unaffected. However, because of the body-drain 
diode’s low forward conduction (approximately 
350 £1), in a 50- or 72-H system, the shunt arm of 
the “T" requires only one DMOS FET. This 350 fl 
shunt has little effect on insertion loss. 

Other options for limited dynamic range switching 
(besides the “T" configuration) include the popular 
“L” configuration and possibly a single DMOS transis- 
tor with the body terminal clamped to a negative sup- 
ply. 

Varying the gate voltage makes the DMOS transistor 
act as a wideband variable attenuator as well as an 
analog switch. 

The switch’s layout and assembly begins by selecting 
for the substrate a low-loss double copper-clad PCB 
(RT/Duroid 5870). Next, a 50-fl (or 72-fl) transmis- 
sion line is etched onto this substrate, as Figure 2 
shows. This line is suitably configured to accept the 
SD210DE. 



Figure 2. Circuit Board Mask (Top View) 
Showing Placement of SD210DE 
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Finally, each DMOS gate is bypassed and isolated us- 
ing a combination of shunt capacitors and series 
RFCs (radio-frequency chokes). The shunting ca- 
pacitors are chip capacitors (Varadyne 
3BX050S393K - 3.9 nF) and the RFCs are 10 self- 
supporting turns of #26AWG enamel magnet wire, 
each turn measuring 4.7 mm in diameter. 


Insertion Loss 



Figure 3. Insertion Loss for a SD210DE “T” 
Switch with a 50-TL Input/Output 
and 5-V Logic 



Frequency (MHz) 

Figure 5. Insertion Loss for a SD210DE “T” 
Switch with a 50-Xl Input/Output 
and +15-V Logic 
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To drive the analog switch, simultaneously apply a 
logic HIGH (for turn-on) to the series DMOS gates 
and a logic LOW to the shunt DMOS gate. As the 
logic HIGH increases in potential, the rps of the 
DMOS transistor improves, resulting in a progres- 
sively improved insertion loss. Consequently, per- 
formance improves with 15-V logic as compared with 
5-V logic, as Figures 3 through 6 show. 



Frequency (MHz) 

Figure 4. Off-lsolatlon for a SD210DE “T” 
Switch with a 50-TL Input/Output 
and 5-V Logic 



Frequency (MHz) 

Figure 6. Off-Isolation for a SD210DE “T” 
Switch with a 50-*fl Input/Output 
and +15-V Logic 
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Because of the high gate impedance, the switch will 
remain in either state (on or off) when the logic is 
removed, provided that the gate-driving impedance 
is also extremely high. Performance decays with 
time, of course, depending upon cleanliness of the 
circuit board, and humidity. 

The performance of this analog switch was measured 
using the Hewlett-Packard vector voltmeter, Model 
HP8405A, with its accompanying 50-fl accessory kit, 
the HP1 1570A. The off-isolation tests were limited by 
the HP11570A’s dynamic range and interchannel 
isolation. At signal levels of 0 dBm an +10 dBm, 


measurements to 70 dB were possible, but at lower 
signal levels the dynamic range was less. As a result 
of this dynamic range limit, the measured off-isola- 
tion was limited to -52 dB at a signal level of 
-30 dBm. 

The apparent lack of off-isolation at high signal levels 
may partly be due to the layout. No shielding was 
attempted, even between the DMOS transistor’s 
source and drain. 

The performance curves in Figures 3 to 6 are, with 
these explanations, self-evident. The analog switch 
rolls off -3 dB at about 500 MHz. 
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A HIGH QUALITY AUDIO CROSSPOINT SWITCH 

Bob Zavrel 

Revised January 1988 


INTRODUCTION 

Recent advances in analog switch integrated circuits 
have made superior audio switch specifications pos- 
sible. A crosspoint switch for the most demanding 
audio applications is described here. Although this 
switch may be used in recording studio and radio 
broadcast mixers where little compromise is accept- 
able, the low cost and small size makes this switch 
ideal for a diverse range of applications. Such appli- 
cations can include audio crosspoint switches found 
in video systems, audio synthesizers, high quality 
multiplexers, and home entertainment systems. 

A high quality audio frequency switch should have the 
following features: 

1 . Reasonable cost 

2. Unity or variable gain 

3. Very low harmonic distortion (< 0.01%) 

4. Flat response (DC to > 1 MHz) 

5. Low crosstalk 

6. High OFF Isolation 

7. Excellent phase linearity 

8. High speed switching 


9. Freedom from switch “popping” 

10. Small size 

1 1 . Use of DC coupling only 


The size of a complex audio switching array can be 
greatly reduced by using 1C analog switches. The 
prototype array is an 8x2 stereo crosspoint switch 
mounted on a 4x7 inch board. Other switch configu- 
rations may be fabricated with little effect on the 
switch characteristics. This single board can replace 
a score of rotary switches and the bundles of audio 
cable often found in audio mixers. Furthermore, 
ground loop problems are reduced by eliminating the 
cable bundles. 

Siliconix SD5002s were chosen because of low ON 
resistance, low switch capacitance, and very fast 
switching times. The LF347 quad op amp was chosen 
for its excellent audio characteristics in a quad pack- 
age. o Two LF347s are used in this switch providing a 
sumrining and output amplifier for each of four chan- 
nels. Since the SD5002s switch into virtual grounds, 
they are held “normally open” by applying 


SUMMING 



Figure 1 . 
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-15 V to the switch gates. To turn them on it is suffi- 
cient to apply a V+ level to the gates. For any switch 
configuration, the appropriate switch (es) are closed 
by biasing the appropriate gate(s) to the positive 
voltage supply. In this circuit, pairs of switches are 
controlled together to affect the left and right chan- 
nels of a stereo input simultaneously. This is accom- 
plished simply by tying the applicable switch gates 
together and using a common bias. 


LPD-21 

Figure 1 shows how a single SD5002 is configured as 
a 2x1 stereo switch. Figure 2 shows how the circuit 
can be expanded into a switch matrix. Eight SD5002s 
are required to construct the 8x2 stereo matrix array. 
One R[_ is required for each channel input for termi- 
nation while four Rs’s are employed to feed the sig- 
nal from the swiitches to the amplifiers. Input buses 
are consequently formed in front of these resistors. 


8 

STEREO 

INPUTS 


75 kO. 



Figure 2. A High Quality 8x2 Stereo Crosspoint Switch 
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The SD5002 drains are connected to these input 
buses. A larger array will cause reduced system per- 
formance due to longer lead lengths and increased 
circuit capacitance. Nevertheless, large matrices can 
be configured with little performance compromise 
because of the low initial switch capacitance. R|_'s 
value should reflect the value of the source imped- 
ance. Deletion of Rl will seriously degrade crosstalk 
and off isolation performance while lower values of Rl 
will improve these specifications. Rc may be adjusted 
for a wide range of system gain while a value of 
about 150 kH will set the circuit to unity gain. Rpsets 
the value of the output impedance and if the switch is 
to feed a high impedance load, Ro should be in- 
cluded to maintain system performance. 

Electrolytic and mica capacitors are used on the cir- 
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cuit board for bypassing the two power supply volt- 
ages. Supply voltage bypassing will reduce both high 
and low frequency noise and help stabilize the sys- 
tem. The entire circuit should be well shielded par- 
ticularly if it will be exposed to strong rf or power line 
fields. Conductors carrying high current should be 
kept away from the circuit. Double sided PC board 
should be used creating a ground plane on the com- 
ponent side as an additional precautionary measure. 

Table 1 shows the switch performance of the 8x2 
crosspoint configuration. Rl was set to 10 k fl, re- 
flecting the high impedance of the test oscillator’s 
output. Regulated power supply voltages of plus and 
minus 9 to 15 volts may be used. The signal voltages 
should be kept under about 3.5 V p _ p to maintain 
switch performance. 


TABLE 1 


Frequency 

Crosstalk 

“Off” Isolation 

THD 

(Hz) 

(dB) 

(dB) 


50 

-74 

-75 

0.006 

100 

-74 

-75 

0.005 

200 

-74 

-75 

0.004 

500 

-74 

-75 

0.003 

1 

-74 

-75 

0.003 

2 

-73 

-74 

0.003 

5 

-70 

-71 

0.003 

10 

-67 

-68 

0.004 

20 

-62 

-62 

0.006 

50 

-55 

-55 

0.020 

100 

-50 

-49 

0.045 


Signal voltages: 3 Vp-p 
Supply voltages: ±12 volts 
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FAX: 313-229-9356 


MINNESOTA 

Eden Prairie (55344) 

High Technology Sales Associates 
11415 Valley View Road 
(612) 944-7274 
FAX: 612-944-3229 

Mississippi 

See Alabama 


M I S SOURI 

St. Charles (63303) 
Midwest Technical Sales 
1314 Robertrldge 

(314) 441-1012 
FAX: 314-447-3657 

MONTANA 

See Washington 

NEBR AS K A 

See Missouri 


NEVADA (Northern) 

See California (Northern) 


NEVADA (Clark Countv) 

See Arizona 

NEW HAMPSHI RE 

See Massachusetts 

NEW JERS E Y . (N ort he r n ) 

Fairfield (07006) 

Astrorep Incorporated 
Fairfield Commons 
271 Route 46, Suite 210A 
(201) 808-0025 
FAX: 201-808-9616 

N EW . J ER S EY- IS o uthern) 

Marlton (08053) 

B.G.R. Associates 
Evesham Commons 
525 Route 73 
Suite 100 
(609) 983-1020 
TWX: 710-940-1358 
Easyllnk: 62541350 
FAX: 


NEW YORK L Metro/L.l.) 

Babylon (11702) 

Astrorep Incorporated 
103 Cooper Street 
(516) 422-2500 
TLX: 286852 
FAX: 516-422-2504 


NORTH CAROLINA 

Charlotte (28212) 

Rep, Inc. 

Independence Office Park 
6407 Idlewild Road, Ste. 425 
(704) 563-5554 
FAX: 704-535-7507 

Morrlsville (27560) 

Rod. Inc. 

) Gateway Centre Blvd., Ste. 400 
">9-9997 


J8S 


919-481-3879 


NPRT H-DAKQIA 

See Minnesota 

OHIO . 

Cleveland (44143) 

Arthur H. Baler Company 
6690 Beta Drive, Ste. 106 
[216) 461-6161 
Easyllnk: 62905681 
FAX: 216-461-9091 
Dayton (45414) 

Arthur H. Baler Company 
4940 Profit Way 
(513) 276-4128 
FAX: 513-276-5486 


609-983-1879 


NEW MEXICO , 

Albuquerque (87111) 

Quatra Associates, Inc. 

9704 Admiral Dewey NE 
(505) 821-1455 
FAX: 602-820-7054 

NEW YORK (Upstate) 

Endwell (13760) 

Tri-Tech Electronics, Inc. 

3215 E. Main Street 

S 754-1094 

ink: 62953445 
FAX: 607-785-4557 
Fayetteville (13066) 

Tri-Tech Electronics, Inc. 

6836 E. Genesee Street 

(315) 446-2881 
TWX: 710-541-0604 
FAX: 315-446-3047 
Flshkiil (12524) 

Tri-Tech Electronics, Inc. 

14 Westview Drive 

(914) 897-5611 

Easyllnk: 62906505 

FAX: 914-897-5611 (Manual Receive) 

E. Rochester (14445) 

Tri-Tech Electronics, Inc. 

300 Main Street 
(716) 385-6500 
Easyllnk: 62934993 
FAX: 716-385-7655 


OKLAHOMA 

See Texas (Grand Prairie) 

OR EGON 

Portland (97224) 

Crown Electronic Sales 

17020 S. W. Upper Boones Ferry Rd. 

[503) 620-8320 

FAX: 503-639-4023 

PENNSYLVANIA (Eastern) 

See New Jersey (Southern) 


PENNSYLVANIA (Western) 

See Ohio 


PU ERT O Rlgo 

Hato Rey (00918) 
Semtronic Associates, Inc. 
Mercantil Plaza Bldg. 

Suite 816 

(809) 766-0700/0701 
FAX: 809-763-8071 

RHODE ISLAND 

See Massachusetts 

SOUT H CAROLINA 

See North Carolina 

SOUTH DAKOTA 

See Minnesota 

TE NNESSE E 

Jefferson City (37760) 

Rep. Inc. 

P. O. Box 728 
113 So. Branner Avenue 
(615) 475-9012/3 
FAX: 615-475-6340 


TEXAS 

Austin (78750) 

Ion Associates, Inc. 
9811 Anderson Mill Rd. 
Suite 200 A 
(512) 331-7251 
FAX: 512-331-7254 
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U.S. Sales Representatives (Cont’d 


Grand Prairie (75050) 

Ion Associates, Inc. 

1504 109th Street 
(214) 647-8225 
Easvllnk: 62956328 
FAX: 214-641-9839 

Houston (77014-1696) 

Ion Associates, Inc. 

14347-A Torrey Chase Blvd. 
(713) 537-7717 
hAX: 713-537-5612 


Salt Lake City (84115) 
Sage Sales 

3349 South Main Street 
(801) 467-5451 
FAX: 801-467-5452 


YERMQNI 


VIRGI NI A 

See Maryland 


Bellevue (98007) 

Crown Electronic Sales 
14400 Bel-Red Road, Ste. 108 


Wauwatosa (53226) 
Larsen Associates, Inc. 
10855 West Potter Road 
(414) 258-0529 
FAX: 414-258-9655 


Canadian Sales Representatives 


Islington, Ontario (M9B6E3) 
Pipe Thompson, Ltd. 

5468 Dundas Street W. 
Suite 206 


North Gower, Ontario (M9B6E3) 
Pipe Thompson, Ltd. 

(613) 258-4067 


Chip Distributor 


FLORIDA 

Orlando (32810) 

Chip Supply, Inc. 

7725 N. Orange Bloss 
(407) 298-7100 
TWX: 810-850-0103 
FAX: 407-290-0164 


U.S. Distributors 


Huntsville (35805) 
Hami Iton /Avnet , # 23 
4940 Research Drive 


Huntsville (35801) 
Marshall Industries 
3313 Memorial Parkway 


Huntsville (35805) 
Pioneer Tech. 

4825 University Square 
(205) 837-9300 
FAX: 205-837-9358 


A R I Z ON A 

Chandler (85226) 
Hamllton/Avnet, #04 
30 S. Me Kemy Ave. 


Phoenix (85044) 
Marshall Industries 
9830 S. 51st Street 
(602) 496-0290 
TWX: 910-950-1946 


Wyle Laboratorles-EMG 
4141 E. Raymond St. , Suite 1 


(602) 437-2088 
TWX: 910-951-4* 


Phoenix (85040) 

Wyle Laboratories 
4141 E. Raymond St. 
Suite 1 


Agoura Hills (91301) 
Zeus Components 
5236 Colodny Drive 


Calabazas (91302) 
Wyle Laboratories 
26677 W. Agoura 


Chatsworth (91311) 
Hamilton Electro Sales, 
#71 & #48 

9650 DeSoto Avenue 


Chatsworth (91311) 
Marshall Industries 
9710 DeSoto Avenue 


Costa Mesa (92626) 
Avnet Electronics #51 
350 McCormick Avenue 


Costa Mesa (92626) 
Hamilton Electro Sales, #29 
3170 Pullman Street 
(714) 641-4107 
FAX: 714-641-4122 

Culver City (90230) 

Hamilton Corporate 
10950 Washington Blvd. 
(213) 558-2000 
FAX: 213-558-2076 

El Monte (91731) 

Marshall Corporate 
9674 Telstar Avenue 


Gardena (90248) 

Hamilton Electro Sales, #01 
1361 “B” W. 190th Street 


Irvine (92718) 

Marshall Industries 
1 Morgan 
(714) 859-5050 
FAX: 714-581-5255 

Irvine (92714) 

Wyle Laboratorles-EMG 
17872 Cowan Avenue 


18910 Teller Ave. 


Marshall Industries 
336 Los Coches 


Ontario (91764) 
Hamllton/Avnet, #49 
3002 E, "G" Street 


Rancho Cordova (95670) 
Marshall Industries 
3039 Kilgore Ave. #140 


Rancho Cordova (95670) 
Wyle Distribution Group 
Sacramento Division 
11151 Sun Center Drive 


JAN Devices 
6925 Canby, Bldg. 109 
(818) 708-1100 
TWX: 910-997-1130 
FAX: 818-708-7436 
Rocklin (95677) 

Bell Industries 
4311 Anthony Ct., #100 
(916) 652-0414 
FAX: 916-652-0403 


Hamllton/Avnet, #35 
4103 Northgate Blvd. 
(916) 920-5150 
FAX: 916-925-3478 


Hamllton/Avnet, #02 
4545 Vlewrldge Avenue 
(619) 571-7510 
FAX: 619-277-6136 


Marshall Industries 
10105 Carroll Canyon Road 


San Diego (92123) 

Wyle Laboratorles-EMG 
9525 Chesapeake Drive 
(619) 565-9171 
TWX: 910-335-1590 
FAX: 619-565-9171, X274 
San Jose (95131 ) 

Zeus Components 
1580 Old Oakland Road 
Suite C205/C206 
(408) 998-5121 
FAX: 408-998-0285 
Santa Clara (95052) 

Wyle Distribution Group 
3000 Bowers Avenue 
(408) 727-2500 
TWX: 910-379-6480 
FAX: 408-988-3240 
Sunnyvale (94086) 

Bell Industries 
1161 No. Falroaks Avenue 
(408) 734-8875 
TWX: 910-339-9378 
Fax: 408-734-8875 
Sunnyvale (94086) 
Hamllton/Avnet, #03 
1175 Bordeaux Avenue 


Yorba Linda (92686) 

Zeus Components 
22700 Savri Ranch Pkwy. 
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U.S. Distributors (Continued) 


gQ LQ RAPQ 

Englewood (80112) 
Hamilton/Avnet, #06 
9605 Maroon Clr. 

# 200 

(303) 799-7800 
FAX: 303-799-7801 
Thornton (80221) 
Marshall Industries 
12351 N. Grant St. 

(303) 451-8444 
TWX: 910-989-1657 
FAX: 303-457-2899 
Thornton (80241) 

Wyle Distribution Group 
451 E. 124th Avenue 
(303) 457-9953 
TWX: 910-936-0770 
FAX: 303-457-4831 
Wheatridge (80033) 

Bell Industries 
12421 W. 49th Avenue 
(303) 424-1985 
TWX: 910-938-0393 
FAX: 303-424-0932 

■ GQ NNE Q T1 CUT 

Danbury (06810) 
Hamilton/Avnet, #21 
Commerce Drive 
Commerce Park 
(203) 797-2853 
FAX: 203-791-9050 
Milford (06460) 

Falcon Electronics 
5 Higgins Drive 
(203) 878-5272 
TWX: 710-462-8407 
FAX: 203-877-2010 
Norwalk (06851) 

Pioneer Std. 

112 Main Street 
(203) 853-1515 
TWX: 710-468-3373 
FAX: 203-838-9901 


Barnes Industrial Park 
(203) 265-382 2 
TWX: 910-997-5197 
FAX: 203-284-9285 


F LOR I DA 

Altamonte Springs (32701) 
Future Electronics 
380 S. Northlake Blvd. , 

Suite 1048 

(407) 767-8414 

FAX: 407-834-9318 

Altamonte Springs (32701) 

Marshall Industries 

380 S. Northlake Blvd. , Ste. 1024 

(407) 767- 8585 

FAX: 407-767-8676 

Altamonte Springs (32701 ) 

Pioneer Tech. 

221 North Lake Blvd. 

(407) 834-9090 
TWX: 810-850-0177 
FAX: 407-834-0865 
Clearwater (34620) 

Future Electronics 
4900 N. Creekslde Drive 
(813) 578-2770 
FAX: 813-576-7600 
Deerfield Beach (33441) 

Pioneer Tech. 

674 S. Military Trail 
(305) 428-8877 
FAX: 305-481-2950 
Ft. Lauderdale (33309) 
Hamilton/Avnet, #17 
6801 N.W. 15th Way 
(305) 971-2900 
TWX: 510-956-3097 
FAX: 305-971-5420 
Fort Lauderdale (33309) 

Marshall Industries 
2700 W. Cypress Creek Blvd. 
Suite C106 
“::) 977-4880 
EAX: 305-977-4887 


KSli 

Ovelda (32765) 

Zeus Components 

1750 W. Broadway, Ste. 114 

(407) 365-3000 

FAX: 407-365-2356 


St. Petersburg (33702) 
Hamilton/Avnet, #25 
3197 Tech Drive No. 
(813) 573-3930 
FAX: 813-572-4329 
Winter Park (32792) 
Hamilton/Avnet, #76 
6947 University Blvd. 
jj407) 657-9018 


QEQRQIA 

Norcross (30092) 
Hamilton/Avnet, #15 
5825 Peachtree Corners E-D 
(404) 447-7500 
FAX: 404-447-7526 
Norcross (30071) 

Future Electronics 
3000 Northwoods Parkway 
Suite 295 
(404) 441-7676 
FAX: 404-441-7580 
Norcross (30093) 

Marshall Industries 

5300 Oakbrook Pkwy. , Ste. 140 

(404) 923-5750 

TWX: 810-766-3969 

FAX: 404-923-2743 

Norcross (30071) 

Pioneer Tech. 

3100 F Northwoods Place 
(404) 448-1711 
FAX: 404-446-8270 


ILLINOIS. 

Bensenvllle (60106) 
Hamilton/Avnet, #10 
1130 Thorndale Avenue 

(312) 860-7780 
TWX: 910-227-0060 
FAX: 312-860-8530 
Addison (60101) 

Pioneer Std. 

2171 Executive Drive 
Suite 200 

(312) 495-9680 
FAX: 312-495-9831 
Schaumburg (60173) 
Marshall Industries 
50 E. Commerce Dr. , Ste. 1 
(312) 490-0755 
TWX: 910-256-0036 
FAX: 312-490-0569 

INDIANA 

Carmel (46032) 
Hamilton/Avnet, #28 
485 Gradle Drive 
(317) 844-9333 
TWX: 810-260-3966 
FAX: 317-844-5921 
Indianapolis (46278) 

Marshall Industries 
6990 Corporate Drive 
(317) 297-0483 
FAX: 317-297-2787 
Indianapolis (46250) 

Pioneer Std. 

6408 Castleplace Drive 
(317) 849-7300 
TWX: 810-260-1794 
FAX: 317-842-5998 


IQWA 

Cedar Rapids (52404) 
Hamilton /Avhet, #44 
915 33rd Avenue 
(319) 362-4757 

KANSAS 

Lenexa (66214) 
Marshall Industries 
8321 Melrose Drive 
(913) 492-3121 
FAX: 913-492-6205 
Lenexa (66219) 
Hamilton/Avnet, #58 
15313 W. 95th 
(913) 888-8900 
FAX: 913-541-7951 


KENT UCK Y 

Lexington (40511) 
Hamilton/Avnet 
805A Newtown Circle 
(606) 259-1475 
FAX: 606-252-3238 

MARYLAND 

Columbia (21045) 
Hamilton/Avnet, #12 
6822 Oak Hall Lane 
(301) 995-3500 (MD) 
(301) 621-5410 (DC) 
FAX: 301-995-3593 
Columbia (21045) 
Zeus Components 
8930-A Route 108 
(301) 997-1118 
FAX: 301-964-9784 
Gaithersburg (20760) 
Pioneer Teen, 

9100 Gaither Road 


Silver Springs (20877) 
Marshall Industries 
2221 Broad Birch Dr. 

(301) 622-1118 
FAX: 301-622-0451 

MASSACHUSETTS 

Lexington (02173) 

Pioneer Std. 

44 Hartwell Ave. 

(617) 861-9200 
FAX: 617-863-1547 
Lexington (02173) 

Zeus 

429 Marrett Road 
(617) 863-8800 
FAX: 617-863-8807 
Peabody (01960) 
Hamilton/Avnet. #18 
10 D Centennial Drive 
(508) 531-7430 
FAX: 508-532-9802 
Westborough (01581) 
Future Electronics 
133 Flanders Road 
(508) 366-2400 
FAX: 508-366-1195 
Wilmington (01887) 
Marshall Industries 
33 Upton Dr. 

(508) 658-0810 
TWX: 710-332-6359 
FAX: 508-658-7608 

MSfl lQA N 

Grand Rapids (49508) 
Hamilton/Avnet, #67 
2215 29th Street S.E. A-5 
(616) 243-8805 
FAX: 616-243-0028 
Grand Rapids (49508) 
Pioneer Std. 

4505 Broadmoor Ave. SE 
(616) 698-1800 
FAX: 616-698-1831 
Livonia (48150) 
Hamilton/Avnet, #66 
32487 Schoolcraft 

(313) 522-4700 
TWX: 810-242-8775 
FAX: 313-522-2624 
Livonia (48150) 

Marshall Industries 
31067 Schoolcraft 

(313) 525-5850 
TWX: 910-997-5193 
FAX: 313-525-5855 
Livonia (48150) 

Pioneer Std. 

13485 Stamford 
(313) 525-1800 
TWX: 810-242-3271 
FAX: 313-427-3720 


MINNESOTA 

Eden Prairie (55344) 
Pioneer Std. 

7625 Golden Triangle Dr. 
(612) 944-3355 
FAX: 612-944-3794 


Minnetonka (55343) 
Hamilton/Avnet. #63 
12400 Whitewater Dr. 

(612) 932-0600 
FAX: 612-932-0613 
Plymouth (55441) 

Marshall Industries 
3800 Annapolis Lane 
(612) 559-2211 
FAX: 612-559-8321 

MISSOURI 

Bridgeton (63043) 

Marshall Industries 
12774 Boenker 

(314) 291-4650 
FAX: 314-291-5391 
Earth City (63045) 
Hamilton/Avnet, #05 
13743 Shoreline Court 

(314) 344-1200 
FAX: 314-291-8889 

NEW- HAMPSHI R E 

Manchester (03103) 
Hamilton/Avnet, #75 
444 E. Industrial Park Drive 
(603) 624-9400 
TWX: 710-474-3255 
FAX: 603-624-2402 

NE W JERSEY 

Cherry Hill (08003) 
Hamilton/Avnet, #14 
One Keystone Avenue 
(609) 424-0100 
TWX: 710-940-0262 
FAX: 609-751-8624 

Fairfield (07006) 
Hamilton/Avnet, #19 
10 Industrial Road 
(201) 575-3390 
TWX: 710-734-4388 
FAX: 201-575-5839 
Fairfield (07006) 

Marshall Industries 
101 Fairfield Road 
(201) 882-0320 
TWX: 710-989-7052 
FAX: 201-882-0095 
Mt. Laurel (08054) 

Marshall Industries 
158 Gaither Dr., Unit 100 
(609) 234-9100 (NJ) 

(215 627-1920 (PA) 

FAX: 609-778-1819 
Pinebrook (07058) 

Pioneer Std. 

45 Route 46 
(201) 575-3510 
TWX: 710-734-4382 
FAX: 201-575-3454 

N EW MEX1QQ 

Albuquerque (87123) 

Bell Industries 
11728 Linn N.E. 

(505) 292-2700 
FAX: 505-275-2819 
Albuquerque (87106) 
Hamilton/Avnet, #22 
2524 Baylor Drive S.E. 
(505) 765-1500 
TWX: 910-989-0614 
FAX: 505-243-1395 

NEW YORK 

Binghamton (13904) 
Pioneer Std. 

69 Corporate Dr. 

(607) 722-9300 
FAX: 607-722-9562 
Buffalo (14202) 

Summit, Inc. 

916 Main Street 
(716) 887-2800 
TWX: 710-522-1692 
FAX: 716-887-2866 

East Syracuse (13206) 
Hamilton/Avnet, #08 
103 Twin Oaks Drive 

(315) 437-2642 
TWX: 710-541-1560 
FAX: 315-432-0740 
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U.S. Distributors (Continued) 


NEW YORK (Cont’cH 

Fairport (14450) 

Pioneer Std. 

840 Fairport Rd. 

(716) 381-7070 
TWX: 510-253-7001 
FAX: 716-381-5955 
Hauppauge (11788) 
Hamllton/Avnet, #20 
933 Motor Parkway 
(516) 231-9800 
FAX: 516-434-7426 
HaupjDaugeJ 1 1787) 

275 Oser Avenue -- 
(516) 273-2424 and 
(516) 273-2053 
FAX: 516-434-4775 
Johnson City (13790) 
Marshall Industries 
129 Brown Street 
(607) 798-1611 
FAX: 607-797-7031 
Port Chester (10523) 

Zeus Components 
100 Midland Avenuie 
(914) 937-7400 
TWX: 710-567-1248 
FAX: 914-937-2553 
Rochester (14623) 
Hamilton/Avnet, #61 
2060 Town Line Road 
(716) 475-9130 
FAX: 716-^75-9119 

Rochester (14623) 

Marshall Industries 
1250 Scottsville Road 
1716) 235-7620 
TWX: 510-253-5526 
FAX: 716-235-0052 
Ronkonkoma (11779) 

Zeus Components 
2110 Smltntown Ave. 

(516) 737-4500 
FAX: 516-737-4520 
Westbury (11590) 
Hamilton/Avnet, #39 
1065 Old Country Road 
(516) 997-6868 

FAX: 516-997-6375 
Woodbury (11797) 

Pioneer Std. 

60 Crossways Park W. 
1516) 921-8700 
TWX: 510-221-2184 
FAX: 516-921-2143 


N o RT id- PA R Q LI N A 

Charlotte (28209) 

Future Electronics 

1515 Mockingbird Lane, Ste. 801 

(704) 529-5500 

FAX: 704-527-2222 

Charlotte (28210) 

Pioneer Tech. 

9801 -A Southern Pine Blvd. 

1704) 527-8188 
TWX: 810-620-0366 
FAX: 704-522-8564 
Raleigh (27604) 

Hamilton/Avnet, #24 
3510 Spring Forrest Road 
(919) 878-0819, X210 
TWX: 510-928-1836 
FAX: 919-872-4435 
Raleigh (27604) 

Marshall Industries 
5221 N. Blvd. 

1919) 878-9882 
TWX: 910-997-5209 
FAX: 919-872-2431 


OHIO 

Cleveland (44105) 
Pioneer Std. 

4800 E. 131st Street 
1216) 587-3600 
FAX: 216-587-3906 

Dayton (45459) 
Hamilton/Avnet, #64 
954 Senate Drive 
1513) 439-6700 
TWX: 810-450-2531 
FAX: 513-439-671 1 
Dayton ,(45414) , 

3520 Park Center Dr. 
1513) 898-4480 
TWX: 810-459-1735 
FAX: 513-898-9636 

Dayton (45424) 

Pioneer Std. 

4433 Interpoint Blvd. 
1513) 236-9900 
TWX: 810-459-1622 
FAX: 513-236-8133 

Dayton (45414) 

Zeus Components 
3500 Park Center Drive 
1513) 454-1225 
FAX: 513-454-0494 

Solon (44139) 
Hamilton/Avnet, #62 


Solon (44139) 

Marshall Industries 
30700 Bainbridge Rd. Unit A 
|216) 248-1 788 __ 

FAX: 2 
Westerville (43081) 
Hamilton/Avnet, #79 
777 Brooks Edge Boulevard 
1614) 882-7004 
FAX: 614-882-8650 

OKLAHOMA 

Tulsa (74146) 

Hamilton 

12121 E. 51st St., Suite 102 
1918) 252-7297 
FAX: 918-250-8763 


Tulsa (74146) 

Quality Components 
3158 S. 108th E. Ave., 

88! r 

OREGON 

Beaverton (97005) 

Marshall Industries 
8333 S.W. Cirrus Dr. 

1503) 644-5050 
FAX: 503-646-8256 

Hillsboro (97124) 

Wyle Laboratorles-EMG 

5250 N.E. Elam Young Parkway 

Suite 600 

1503) 640-6000 

FAX: 503-640-5846 

Lake Oswego (97034) 

Hamilton/Avnet, #27 

6024 S.W. Jean Road 

Bldg. C., Suite 10 

1503) 635-8836 

TWX: 910-455-8179 

FAX: 503-636-1327 


PENNSYLVANIA 

Horsham (19044) 
Pioneer Tech. 

261 Gibralter Road 
(215) 674-4000 
TWX: 510-665-6778 
FAX: 215-674-3107 


Pittsburgh (15222) 

Hamilton/Avnet, #43 

2800 Liberty Avenue, Bldg. E. 

1412) 281-4150 

TWX: 710-670-1127 

FAX: 412-281-8662 


Pittsburgh (15238) 
Pioneer Std. 

259 Kappa Drive 
1412) 782-2300 
TWX: 710-795-3122 
FAX: 412-963-8255 


■TEX AS 

Addison (75001) 
Quality Components 
4257 Kellway Circle 
1214) 733-4300 
FAX: 214-250-0216 
Austin (78758) 
Hamllton/Avnet, #26 
1807AW, Braker 
1512) 837-8911 
FAX: 512-339-6232 

Austin (78754) 
Marshall Industries 
8504 Cross Park Dr. 
(512) 837-1991 
FAX: 512-832-9810 

Austin (78758) 
Pioneer Std. 

1826D Kramer Lane 
(512) 835-4000 
FAX: 512-835-9829 


Austin (78758) 

Quality Components 
2120-M W. Braker Lane 
(512) 835-0220 
FAX: 512-339-9252 

Austin (78758) 

Wyle Distribution 
2120-F W. Braker Lane 
(512) 834-9957 
FAX: 512-837-0981 
Carrollton (75006) 
Marshall Industries 
2045 Chenault St. 

(214) 233-5200 
FAX: 214-770-0675 


Houston (77040) 

Marshall Industries 
7250 Langtry 
(713) 895-9200 
FAX: 713-462-6714 
Houston (77036) 

Pioneer Std. 

5853 Point West Drive 
(713) 988-5555 
FAX: 713-988-1732 

Houston (77478) 

Wyle Distribution 
11001 S. Willcrest, Ste.100 
1713) 879-9953 
FAX: 713-879-6540 
Irving (75062) 
Hamilton/Avnet, #16 
2111 W. Walnut Hill Lane 
(214) 550-6111 
TWX: 910-860-5929 
FAX: 214-550-6222 


Richardson (75083) 

Wyle Distribution 
1810 N. Greenville Avenue 
(214) 235-9953 
FAX: 214-644-5064 


Richardson (75081) 


1800 N. 

Suite 120 
(214) 783-7010 
FAX: 214-234-4385 


Sugarland (77478) 
Quality Components 
1005 Industrial Rd. 
(713) 240-2255 
FAX: 713-240-6988 


UTAH 

Salt Lake City (84119) 
Hamllton/Avnet, #09 
1585 West 2100 South 
(801) 972-2800 
FAX: 801-977-9266 

Salt Lake City (84115) 
Marshall Industries 
466 Lawndale Dr. , Ste. #C 
1001) 405-1551 
FAX: 801-487-0936 

West Valley City (84119) 
Wyle Laboratorles-EMG 
1325 W. 2200 S. 

Ste. E 

1801) 974-9953 
FAX: 801-972-2524 


WA SH I NGTON 

Bothell (98011) 

Marshall Industries 

11715 N. Creek Pkwy, South 

Suite 1 12 

(206) 486-5747 

FAX: 206-486-6964 

Redmond (98052) 
Hamllton/Avnet, #07 
17761 N.E. 78th PI. 

1206) 881-6697 
FAX: 206-867-0159 

Redmond (98052) 


o N.E. 90th Street 

1206) 881-1150 
FAX: 206-881-1567 


WISCONSIN 

Milwaukee (53214) 

Marsh Electronics, Inc. 

1563 South 101st Street 
(414) 475-6000 
TWX: 910-262-3321 
FAX: 414-771-2847 

Waukesha (53186) 

Bell 

W227N913 W. Mound Dr. 

1414) 547-8879 
FAX: 414-547-6547 

Waukesha (53186) 
Hamllton/Avnet, #57 
20875 Crossroads Cir, Ste. 400 
(414) 784-4510 
FAX: 414-784-9509 

Waukesha (53186) 

Marshall Industries 
20900 Swenson Drive 
1414) 797-8400 
FAX: 414-797-8270 


Canadian Distributors 


BR I TIg Jd- COLUMBIA 

Burnaby (V5M 3Z3) 
Hamilton/Avnet #45 
2550 Boundary Rd. , Ste. #1 15 
"'-') 437-6667 


Burnaby (V5G 4J7) 
ITT Multicomponents 
3455 Gardner Court 
1604) 291-8866 
TWX: 610-929-3065 
FAX: 604-291-1227 


Vancouver (V5K 4X7) 
Future Electronics 
1695 Boundary Road 
(604) 294-1166 
FAX: 604-294-1206 


Q NTAR1Q 

Downsview (M3J 1Z3) 
Future Electronics 
82 St. Regis Crescent N. 
1416) 638-4771 
FAX: 416-638-2936 
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ONTARIO (Cont’d) 


Mississauga (L4V 1M5) 
Hamllton/Avnet, #59 
6845 Rexwood Drive 
(416) 677-7432 
TWX: 610-492-8867 
FAX: 416-677-0940 


Nepean (K2E 7L5) 
Hamllton/Avnet, #60 
190 Colonade Road 
(613) 226-1700 
FAX: 613-226-1184 


Ottawa (K2C 3P2) 
Future Electronics 


Baxter Centre 
1050 Baxter Road 
(613) 820-8313 
FAX: 613-820-3271 


Rexdale (M9W 5X6) 
Marshall Industries 
83 Galaxy Blvd, #9 


A LBERTA 


Calgary (T2E 623) 
Hamllton/Avnet, ti 68 
2816 21st Street N.E. 
(403) 250-9380 
FAX: 403-250-1591 


QUEBEC 


D.D.O. (H9B2A2) 
Marshall Industries 
3869 Sources Rd. 


Pointe Claire (H9R 5C7) 
Future Electronics 
237 Hymus Boulevard 
(514) 694-7710 
TWX: 610-421-3251 
FAX: 514-695-3707 


St. Laurent (H4S 1P8) 
Hamllton/Avnet, ft 65 
2795 Rue Halpern 
(514) 335-1000 
TWX: 610-421-3731 
FAX: 514-335-2481 


European Representatives/Distributors 


AUSTB 1A 

Bacher Electronics GmbH 

Rotenmuhlgasse 26 

A-1120 Wien 

TEL: (0222) 835646-0 

TLX: 131532 

FAX: (0222) 834276 


BELGIUM 

J.P. Lemaire S.A. 

Av. Limburg Stirum 243 
B-1810 Wemmel 
TEL: (02) 460-05-60 
TLX: 24610 
FAX: (02) 460-00-271 

DENMARK 

Delco A.S. 

Herjevang 13 
DK 3450 Allerod 
TEL: (02) 27-77-33 
FAX: (02) 27-77-70 


EIRE 11B E L AN P). 

Hill Electronics 
Kylmore Park North 
Dublin 10 
TEL: 0232 265299 
TLX: 90708 
FAX: 0232-265399 


FINLAND 

Instrumentarium oy Elektronllkka 

P.O. Box 64 

SF 02631 Espoo 63 

TEL: (90) 528 4304 

TLX: 124426 HAVUL SF 

FAX: (90) 502 1073 


FRANCE 

Almex 

48 Rue de L'Aubepine 
M.P. 102 

92164 Antony Cedex 
TEL: (1) 46.66.21.12 
TLX: 250067 
FAX: (1) 46.66.60.28 

C.G.E. Composants 
32 Rue Grange Dame Rose 
92360 Meudon La Foret 
TEL: (1) 46.30.24.25 
FAX: (1) 46.30.01.29 

Feutrier 

5 Rue Jean Zay 

42271 St. Priest En Jarez Cedex 
TEL: (1) 77.93.40.40 
TLX: 300021 
FAX: (1) 77.93.26.31 

I.T.T. Multicomposants 

Z.l. de Courtaboeuf 

Avenue des Andes 

91940 Les Ulls 

TEL: (1) 64.46.02.00 

TLX: 603351 

FAX: (1) 64.46.95.95 

SCAIB 

80 Rue d' Arcuell 
94523 Rungis Cedex 
TEL: (1) 46.87.23.13 
TLX: 2046 74 F 
FAX: (1) 45.60.55.49 


GERMANY 

Ditronlc GmbH 
Julius-Hoelder Str. 42 
7000 Stuttgart 70 
TEL: (071 f) 720010 
TLX: 7255638 
FAX: (0711) 7200132 

EBV Elektronlk GmbH 
0berweg 6 
D-8025 Unterhaching 
TEL: 089-61105-1 
TLX: 524535 
FAX: 089-61105-230 

EBV Elektronik GmbH 
Welmarstr 48 
7000 Stuttgart 1 
TEL: (071 f) 61910-0 
TLX: 722271 
FAX: (0711) 613750 

EBV Elektronik GmbH 
Viersener Strasse 24 
4040 Neuss 
TEL: (02101)530072 
TLX: 8517605 
FAX: 02101-593087 

EBV Elektronik GmbH 
Kiebitzrain 18 

3006 Burgwedel 1 Hannover 
TEL: (05139) 80 870 
TLX: 923694 

EBV Elektronik GmbH 
Schenckstr 99 
6000 Frankfurt M. 90 
TEL: (069) 785037 
TLX: 413590 
FAX: (069) 7894458 

Ing. Buro Rainer Konig 
Konigsbergerstrasse 16A 
D. 1000 Berlin 
TEL: 030-772-8009 
TLX: 184707 

Ing. Buro K.H. Dreyer 
Albert Schweitzer-Ring 36 
2000 Hamburg 70 
TEL: (040) 669027 
TLX: 2164484 

Ing. Buro K.H. Dreyer 
Flensburger Strasse 3 
2380 Schleswig 
TEL: (04621) 24055 
TLX: 221334 

Ultratronik GmbH 
Gewerbestr, 4 
8036 Herrsching 
TEL: (08152) 3709-0 
TLX: 526459 
FAX: (08152) 5183 


I TALY 

Dott Ing. Giuseppe De Mico 
S.P. A. 

20060 Cassina de Pecchi 
Via Vittorio Veneto 8 
Milano 
TEL: " 

TLX: 

FAX: (02) 9522227 


NETHERLANDS 

Koning en Hartman 
Elektrotechnlek BV 
P.O. Box 125 
NL-2600 AC Delft 
TEL: 015-609906 
TLX: 38250 
FAX: 015-619194 


NORWAY 

A/S Kiel I Bakke 
0vre Raelingsvei 20 
P.O. Box 24 
N-2001 Lillestrtfm 
TEL: (06) 832000 
TLX: 19407 
FAX: (06) 831455 

PORTUGAL 

Cristalonica Lda. 

Rua Bernardim Ribeiro 
25 r/c Dto. 

1100 Lisboa 

TEL: (1) 534631, 540314, 561755 
TLX: 64119 


SPAIN 

Redislogar S.A. 

Corazon de Maria, No. 7-BIS 
28002 Madrid 
TEL: (91) 413 91 11 
TLX: 23967 JALO-E 
FAX: (91) 416 19 71 

Redislogar S.A. 

Aragon 208-210 
08011 Barcelona 
TEL: (93) 254 90 48/49 
FAX: (93) 323 4803 

SWE D EN 

Komponentbolaget NAXAB 
Box 41 15 
S-171-04 Solna 
TEL: 08-985140 
TLX: 17912 KOMP 
FAX: 08-7645451 

SWITZERLAND 

Abalec A.G. 

Grabenstrasse 9 
8952 Schlleren 
TEL: 01-730-0455 
TLX: 59834 
FAX: 01-730-9801 

TURKEY 

Turkelek Electronic Co. Ltd. 
Hatay Sokak No. 8 
Ankara 

TEL: (4) 118 94 83 
TLX: 44580 


UNITED KINGDOM 

Abacus Electronics Ltd. 
Abacus House 
Bone Lane 

Newbury, Berkshire RG14 5SF 
TEL: (0635) 33311 
FAX: (0635) 38670 
TLX: 847589 

Abercorn Electronics Ltd. 

Suite 1 A 

17 Waterloo Place 
Edinburgh, Scotland EH1 3BG 
TEL: 031-557-4700 
TLX: 727229 
FAX: 031-556-7246 

Barlec-Richfield Ltd. 

Foundry Lane, Horsham 
West Sussex RH13 5PX 
TEL: 0403-51881 
TLX: 877222 
FAX: 0403-41746 

Farnell Electronic 
Components Ltd. 

Armley Road 
Leeds LS12 2QQ 
TEL: 0532-6363111 
TLX; 55147 
FAX: 0532-633404 

Hartech Ltd. 

7 West Pallant 
Chichester 

West Sussex P019 1TD 
TEL: 0243-773511 
TLX: 86230 
FAX: 0243-779196 

HB Electronics Ltd. 

Lever Street 
Bolton BL3 6BJ 
TEL: (0204) 386361 
TLX: 63478 
FAX: (0204) 384911 

Hill Electronics 
290 Antrim Road 
Belfast, N. Ireland 
TEL: 755611 
TLX: 747103 

Macro-Marketing Ltd. 
Burnham Lane 
Slough, Berkshire 
TEL: (06286) 4422 
TLX: 847945 
FAX: (06286) 66873 

Semiconductor Specialists 
(UK) Ltd. 

Carroll House 

159 High Street 

West Drayton 

Middlesex UB7 7XB 

TEL: (0895) 445522, 446415 

TLX: 21958 

FAX: 0895-422044 


Y UGO S LAVIA 

Contact: Belram S.A. 

83 Avenue des Mimosas 
B-1150 Brussels, Belgium 
TEL: 734-33-32, 734-26-19 
TLX: 21790 
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Rest of World Representatives/Distributors 


YEL S.R.L. 
Cangallo 1454, 
Plso 8 of. 41 
1037 Buenos Aires 
TEL: 46-2211 
TLX: 18605 


Dodwell Industrial 
Electronics Division 
8/F Tai Yau Bldg. 

181 Johnston Road 
Wanchal 

TEL: 5-8616200/5-8315700 
TLX: 66623 GILND HX 
CABLE: DODWELL HONG KONG 
FAX: 5-8934220 


Grand Prairie, Texas (75050) 
Ion Associates Inc. 

1504 109th Street 


Engineering R.O.P. 
12 Sol Psana 1 Ekaml 
Sukhumvlt 63 
Bangkok 10110 


Anltech 

241 Brown Road 
Noble Park, Victoria 3174 
TEL: 61 - 3-795 9011 
TLX: AA31370 
FAX: 61-3-795 6818 


Hltech 

Av. Eng. Lulz Carlos Berrlni 
801 ConJ. 111/121 
04571 Brooklln 
Sao Paulo 

TEL: (55-11) 531-9355 
TLX: (Oil) 53288 
FAX: (55-11) 61-3770 
Authorized U.S. Agent 
Etek Electronics Corp. 

1490 N.W. 79th Ave. 
Miami. FL 33126 
TEL: (305) 593-1188 
TLX: 8083069 
FAX: (305) 593-1762 


Array Electronics Ltd. 

Rm. 200 IB Nam Fung Centre 
264-298 Castle Peak Road 
Tsuen Wan 
N T 

TEL: 0-4110083 


Atek Electronics Co. Ltd. 

Unit 1009, 10/F 
Conic Investment Bldg. 

13 Hok Yuen St. 

Hung Horn 

Kowloon 

TEL: 3-621833 

TWX: 37119 ATEK HX 

FAX: 3-7644782 

Century Technology Co. Ltd. 

Flat B-1 6/F. , Tonic Industrial Ctr. 
No. 19, Lam Hlng Street 
Kowloon Bay, 

Kowloon 
TEL: 3-7966683 
TLX: 51226 CEPCO HX 
FAX: 3-7998819 
CABLE: CENTURYEPC 


Orlol Services &. 

Consultants Pvt. Ltd. 

P. B. No. 9275 
4, Kurla industrial Estate 
Narayan Nagar, L.B.S. Marg. 
Ghatkopar. Bombay 400086 
TEL: 512-2973 / 5113621 
TLX: 011-72102 


Telsys Ltd. 

Atldum Ind. Park, Bldg. 3 
Dvora Hanevla St. 

Neve Sharet 
Tel-Avlv 61431 


TLX: 032392 
FAX: (3) 497407 


Chiyoda-Ku. Tokyo 100 
TEL: 03-506-3490 


Rm. 411 F.K.T.U. Bldg, 

35 Yoido-Dong Youngdeungpo-Ku 
Seoul 

TEL: (02) 7824877/8 
TLX: K28742 KPTRDCO 
FAX: (02) 7847702 
Tong Baek Trading Co. Ltd. 

Rm. #201 New Hanil Bldg. 

156-1 Yumrl-Dong 
Mapo-Ku Seoul 121 
TEL: (02) 7166625 
TLX: K28569 TBTRACO 
FAX: (02) 7190818 


334 A-336A (First Floor) 
Jalan Pudu 
55100 Kuala Lumpur 
TEL: 2410403/2488295 
TLX: 2412689 


Warburton - Frankie 
Unit B, 192 Walrau Rd. 
Glenfield 

TEL: (09) 444 2645 


Alexan Commercial 
812 Elcano Street 
Blnando 
Manila 

TEL: (3) 402-223 
TLX: 27484 CEI PH 


Carter Semiconductor (S) PTE Ltd. 
07-03 Cuppage Centre 
55 Cuppage Road 
Singapore 0922 R.O.S. 

TEL: 7347424 

TLX: 36443 CARSIN 

FAX: 734-2449 

DOS Electronics PTE Ltd. 

80 Genting Lane 
No. 02-09 Genting Block 
Ruby Ind. Complex 
Singapore 1334, R.O.S. 

TEL: 7433312 
TLX: RS 35382 DOS 
FAX: 743-7435 


P.O. Box 1020 
Capetown 8000 
TEL: 215-350 
TLX: 527-7320 


Don Business Corp. 

6F, No. 33, Alley 24 
Lane 251 

Nanking East Road 

Sec. 5 

Taipei 

TEL: (02) 7636670/6 
TLX: 25641 DONBC 
CABLE: DONBC TAIPEI 
FAX: (02) 763-1241 


P. Benavides S.R.L. 
Avilanas a Rlio EdifTclo 
Rio Caribe, Local 9 
Caracas 
TEL: 52-92-97 
TLX: 21801 PBTH 
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U. S. Sales Offices 


EASTERN 


CENTRAL 


NORTHWESTERN SOUTHWESTERN 


Slllconix Inc. 

31 Balloy Avenue 
Ridgefield, CT 06877 
(203) 431-3535 
FAX: 203-438-7592 

Slllconix Inc. 

460 Totten Pond Road, 2nd Floor 
Waltham, M A 02154 
(617) 890-7180 
FAX: 617-890-0902 

Slllconix Inc. 

Cranes Roost Office Park 
407 Whooping Loop, Ste.1647 
Altamonte Springs, FL 32701 
(407) 831-3644 
FAX: 407-831-1321 


Slllconix Inc. 

1401 Branding Lane, Ste. 210 
Downers Grove, IL 60515 
(312) 960-0106 

FAX: 312-960-0329 

Slllconix Inc. 

Two King James South 

24650 Center Ridge Road, Ste. 143 

Westlake, OH 44145 

(216) 835-4470 

FAX: 216-835-9336 


Slllconix Inc. 

21710 Stevens Creek Blvd. , 0100 
Cupertino, CA 95014 
(408) 252-4620 
FAX: 408-255-7682 

Slllconix Inc. 

6355 S. Pontiac Ct. 

Englewood, CO 80111 
(303) 771-6886 
FAX: 303-771-6887 


Slllconix Inc. 

17500 Redhlll Ave. 
Suite 270 
Irvine, CA 92714 
(714) 752-1079 
FAX: 714-752-0987 


Slllconix Inc. 

4020 Me Ewen 
Suite 116 
Dallas, TX. 75244 
(214) 385-4046/4047 
FAX: 214-385-0390 


APPLICATIONS ASSISTANCE 

Slllconix Inc. 

2201 Laurelwood Road 
Santa Clara, CA 95054 
(408) 970-5393 
TWX: 910-338-0227 
FAX: 408-727-5414 


Europe Sales Offices 


UNITED KINGDOM 

WEST GERMANY 

FRANCE 

ITALY 

Slllconix Ltd. 

3 London Road 

Newbury, Berks, RG13 1 JL 

TEL: (0635) 30905 

TLX: 849357 

FAX: (0635) 34805 

SCANDINAVIA 

Slllconix GmbH 

Johannesstrasse 27, Postfach 1340 
D-7024 Fllderstadt-1 

TEL: (0711)70002-0 

TLX: 7-255553 

FAX: (0711) 70002-37 

Slllconix GmbH 

Putzbrunner Strasse 19 

Slllconix SARL 

Centre Commercial de I’Echat 

Place de 1’ Europe 

F-94019 Cretell Cedex 

TEL: (1) 43.77.07.87 

TLX: 230389 

FAX: (1) 43.39.11.71 

APPLICATIONS ASSISTANCE 

Slllconix SRL 

Via Bartolomeo D’Alvlano 18 

20146 Milano 

TEL: (02) 473661, 4228026 

TLX: 331 837 “Pis Fwd 
to Slllconix" 

FAX: (02) 412.07.54 

Slllconix Ltd. 

Box 5002 .. .. 

S-175 61 Jarfalla 

Sweden 

TEL: 08-795 93 90 

TLX: 16404 

FAX: 08-795 82 99 

8012 Ottobrunn 

TEL: (089) 6097835 

TLX: 528305 

FAX: (089) 6095117 

Slllconix Ltd. 

Morriston, Swansea, SA6 6NE 

TEL: (0792) 310100 

FAX: (0792) 310401 


Far East Sales Offices 



HONG KONG 

JAPAN 

APPLICATIONS ASSISTANCE 


Slllconix (H.K.) Ltd. 

5th Floor 

Liven House 

61-63 King Yip Street 

Kwun Tong, Kowloon 

TEL: 3-427151 

TLX: 44449SILXHX 

FAX: 3-7978011 

CABLE: Slllconix 

Tomen/Nippon Slllconix Inc. 

1-1 Uchlsalwal-Cho 2-Chome 
Chlyoda-Ku, Tokyo 100 

TEL: 03-506-3490 

TLX: J-23548 

FAX: 03-506-3497 

Slllconix (H.K.) Ltd. 

5th Floor 

Liven House 

61-63 King Yip Street 

Kwun Tong, Kowloon, Hong Kong 

TEL: 3-427151 

TLX: 44449SILXHX 

FAX: 3-7978011 

CABLE: Slllconix 


Manufacturing Locations 



UNITED STATES 

UNITED KINGDOM 

HONG KONG 

TAIWAN 

Slllconix Incorporated 

2201 Laurelwood Road 

Santa Clara, CA 95054 

Slllconix Ltd. 

Morriston, Swansea SA6 6NE 

Slllconix (H.K.) Ltd. 

5/6/7 /8th Floors 

Liven House 

61-63 King Yip Street 

Kwun Tong, Kowloon 

Sillconlx (Taiwan) Ltd. 

Nantze Export Processing Zone 
Kaohslung 
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S Siliconix 


2201 Laurel wood Road, 
Santa Clara, CA 95054-1516, U.S.A. 

TEL (408) 988-8000 
TWX 910-338-0227 
FAX 408-727-5414 


Morriston, Swansea SA6 6NE, U.K. 

TEL (0792) 310100 
TLX 48197 
FAX (0792) 310401 



LDB-127-8812 


